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The Hippocratean theory, that there was a 
specific universal nutrient in food, persisted until 
the beginning of the 19th century when, with the 
development of new chemical techniques, the 
existence in food of a variety of unlike substances 
was recognised. These techniques enabled Lavoisier 
to carry out metabolic experiments as the result of 
which he declared in 178o that "La vie est une 
fonction chimique." He believed that organic 
substances were composed of carbon, hydrogen and 
oxygen. In 1786 Berthollet showed that, nitrogen 
was a constant constituent of animal tissues and by 
1834 the importance of the nitrogenous matter in food 
had been realised by Prout, who had made the first 
analysis of proteins in 1830, and by the French 
physiologist Magendie. Liebig, by his perfection 
of methods for the quantitative determination of 
carbon hydrogen and nitrogen in organic compounds, 
enabled the composition of food, urine, faeces, and 
tissues to be determined so that in 1839 
Boussingault / 
2. 
Boussingault was able to make a balance of intake 
and outgo of nutrients in food and excreta, using a 
cow as his subject. C. Voit (1866), in confirmat- 
-ion of previous work by Bidder and Schmidt (1852) , 
showed thy: t the difference between the amount of 
nitrogen ingested by a dog on a meat diet and that 
recovered in the excreta was only 0.3%. The view, 
originally postulated by Liebig (1842), that the 
nitrogen of the urine and the faeces could be made 
a measure for the determination of protein metabol- 
ism was thus established. 
The development of the nitrogen balance 
technique resulted in extensive studies being made 
of the protein and thus the food requirements of man 
as well as animals, for as Ri,bner has stated "Proteir 
contains the magic of life, ever newly created and 
dying, a process continuous since the advent of life 
upon earth." The Munich school of physiologists 
under C. Voit set the averagewbtein requirements of 
a man at 118 gm. a day, with 145 gm. for a man doing 
hard work, while Attwater in America recommended 
125 gm. a day for a man doing normal work. McCoy 
(191), in his studies of the dietaries of various 
peoples in Inda, where the daily protein consumption 
varied / 
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varied from 67 g. for a Bengali student to 160 g. for 
the Bhptias, concluded that " .Jhe higher the level of 
protein interchange the more robust and energetic 
and the more manly the race." 
Meanwhile, M. Rubner (1883) had demonstrated 
that the l,rotein metabolism of a fasting dog could be 
reduced to 40ió of the total calories needed, if 
adequate amounts of carbohydrate were provided. Lusk 
(1890) continued this work by showing that the carbo- 
-hydrate content of the diet affected protein metabol4 
-ism, and thus the protein requirements. In his 
experiments, withdrawal of 350 g. of carbohydrate 
from dietsof 20.55 g. nitrogen and 2953 Cals. and 
9.63 nitrogen and 2,490 Cals. which had maintained 
nitrogen equilibrium, so as to give diets containing 
1,078 Cals. and 615 Cals. respectively, resulted in 
negative nitrogen balance. Landergreen was able to 
reduce the daily urinary nitrogen excretion of a man 
to .less than 4 g. a day by the administration of 
carbohydrate and fat; if fat only was given at an 
equicaloric level, the protein metabolism was the 
same as in starvation. Zeller (1914) confirmed this 
work when he found that protein metabolism was not 
significantly altered by the relative proportions of 
fat / 
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fat and carbohydrate in the diet, -unless less than 
l0% of the total calories was given in the form of 
carbohydrate. 
1!1ith regard to the t,rotein sparing action of 
carbohydrate in a normal diet, the necessity for 
supplying the carbohydrate within a few hours of the 
protein food has been clearly demonstrated in recent 
years by Larson and Chaikoff (1937), Geiger (1947) 
and Henry and Kon (1946). The mechanism of this 
protein sparing (action of carbohydrates) is still 
not fully understood. It is probably due to the 
prevention of the formation of glucose from amino 
acids, the supplying of total caloric needs in a form 
of a fuel which is mobile and readily available, and 
also to the provision of chemical groupings easily 
convertible to amino acids. Appreciation of the 
part played by carbohydrate and fat in protein 
metabolism resulted in the questioning of the 
desirability or necessity of such protein intakes as 
those recommended by Voit and Attwater. Hirschfeld 
(1888) remained in nitrogen equilibrium for a fort- 
-night on a daily protein intake of 40 g. and E. Voit 
found vegetarians to be in nitrogen equilibrium on a 
diet / 
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diet providing 50 g. of protein a day, augmented by 
fats and carbohydrates to meet their energy require- 
-ments. Chittenden (1905) describes experiments, 
covering periods of over 6 months, in which a careful 
record was ke;;t of the food consumed, and the excreta 
were chemically analysed, of 5 brain workers, 13 
soldiers and 8 university athletes, who worked hard 
both mentally and physically, while on low protein 
diets. Chittenden himself,who weighed 57 kg., 
maintained nitrogen equilibrium and claimed to have 
improved his health on a daily intake of 36 g. of 
protein and 2,000 Cals.,while another laboratory 
worker was in equilibrium on 41 g. of protein. The 
soldiers and athletes were in equilibrium on 50 and 
55 g. of protein respectively and less than 2,800 Cals. 
and remained in excellent health. 
Opposition to this point of view was expressed 
by many nùtritionists, including Crichton -Brown 
( 1909), who asserted that "successful races habitual - 
-ly consumed protein far in excess of the Chittende1 
standard and far in excess of what is required for 
tissue repair, and when we find a relation between 
protein consumption and racial success, there is 
good / 
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good ground for believing that there is a biological 
law." E. Terroine (1936) suggested that the 
protein requirements need only be sufficient to 
replace specific endogenous nitrogen excretion, i.e. 
18.75 g. of protein, a figure which is considered by 
most workers to be unobtainable and unjustifiable. 
Sherman (1935),as the result of nitrogen balance 
experiments on low intakes, considered a daily intake 
of 44.4 g. of protein to be adequate for a 70 kg. man, 
Schmidt (1933) lived at this level for over 2 years, 
during which £eriod he concluded that human efficient r 
could be maintained, but after that time changes 
could be detected in his temperature, pulse and skin; 
he therefore considered 60 -80 g. of protein desirable 
in the daily intake of food. Susskind, a co- worker 
of Rubner also broke down after 2 years on a diet 
containing 32 -45 g. of protein a day. Cuthbertson 
(1940), in his review on this subject,was unable to 
give an answer to the question "what are the optimal 
protein requirements of man ?" but weighed up the 
evidence in favour of a relatively high protein diet. 
During the recent war the National Research Council 
(1943) recommended minimal intakes of 70 g. of protei 
daily for the normal healthy adult. The protein 
requirements of the convalescent patient will have to 
be / 
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be considered separately. 
By the beginning of the twentieth century, 
chemical methods for the analysis of proteins had been 
developed to enable the amino acid content of a 
particular protein to be determined. The classic 
experiments of Hopkins (1906) and Osborne and Mendel 
(1911) showed that the nutritive value of a specific 
protein depended on its amino acid content. Previous- 
-1y, it had been shown that nitrogen equilibrium could 
be maintained in a dog fed on pancreas, which had been 
self -digested until all the protein had been converted; 
into amino acids, fat and carbohydrate (Loewi 1902). 
Two years later Aberhalden and Rona (1904) published 
work in which they showed that mice cool live on a 
diet of casein, split by pancreatin, as long as they 
could on casein alone, and longer than they could on 
casein subjected to acid hydrolysis. Nitrogen 
equilibrium was established in dogs on a diet of 
on- protein food and a pancreatic digest of casein, 
containing 2 g. of nitrogen a day. It was thus 
/apparent as Lusk (1928) has written that "amino bodied 
from certain proteolytic cleavages may be the equival- 
-ent in metabolism of ingested protein itself." 
Recent confirmation of this work has been provided by 
Cox and Mueller (1939) who obtained nitrogen balances 
of / 
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of approximately the same magnitude in rats for over 
140 days, regardless of whether the nitrogen of the 
diet was supplied by casein, an enzymic digest of 
casein, or ari acid hydrolysate of casein supplemented!, 
with 0.2% tryptophane. 
The value of feeding protein hydrolysates in 
certain pathological conditions was therefore consider- 
ed and the possibility of using the intravenous 
route explored. This method of feeding had been used 
in 1665 when R. Lower first attempted blood trans- 
-fusions. In 1832 Latta used this same route for 
the replacement of water and salt, and in 1873 a 
series of observations were made on the intravenous 
injections of milk in the treatment of cholera by 
Hodder (1873), though no further reference to this 
method can be found after 1883. Friedrich (1904) 
described experiments in which injections were used 
containing all of the nutritional substances except 
the then unknown vitarins. In a variety of surgical 
conditions which precluded the ingestion of food by 
mouth, solutions containing water, salt, carbohydrate 
fats and peptone, which had been prepared by the 
peptic digestion of fibrin, were injected subcut- 
-aneously. This first successful usage of a protein 
hydrolysate/ 
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hydrolysate for clinical purposes b, ,- the intravenous 
route was unfortunately not followed up, though 
Woodyatt, Sansum and Wilder (1915) showed that the 
injection of glucose solutions constituted a method 
of intravenous nutrition and they expressed the 
belief that the way was now open for other foods. 
Early failures in the use of this technique for 
feeding were largely due to lack of knowledge of the 
necessary physiological, bacteriological and chemical 
facts. 
Meanwhile, V. Henriques and Anderson (1908), 
in an endeavour to find the site of protein 
synthesis, had described the first really successful 
experiment in which an animal, in their case a goat, 
had been kept in positive nitrogen balance for 20 
days with a continuous intravenous drip containing 
glucose, salts, and an enzymic hydrolysate of meat 
as its only source of nutrition. Earlier workers 
with acid and alkali hydrolysates had for the most 
part been unsuccessful owing to the methods of their 
production and to the fact that it was not until later 
that Hopkins (1916) recognised that acid hydrolysis 
of casein causes the destruction of tryptophane, an 
essential amino acid for adequate nutrition. 
In / 
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In 1937 interest was once again renewed in the 
possibility of parenteral feeding using protein 
hydrolysates. Elman (1937) produced evidence that 
in dogs, protein- depleted by acute haemorrhages, 
serum protein regeneration was greater following the 
injection of a mixture of amino acids, prepared by 
complete acid hydrolysis of casein with the addition 
of 2% tryptophane and 2$ cystine. The supplementary 
amino acids had to be given at the sane time as the 
hydrolysate in order to obtain nitrogen equilibrium 
in the dogs ( Elman 1938). The injections were well 
tolerated, unless given too quickly, and post -mortem 
findings gave no evidence of histological changes 
occurring in the liver or kidney. This work was 
repeated with success in humans, who were incapable 
of taking food by mouth; dosages amounting to 0.5 g. 
of amino acids per kg. body weight were given and 
each litre of solution administered contained 20 g. 
of amino acids and 80 g. of dextrose. (Elman and 
Weiner 1939). Improvement in the clinical condition 
of the patients was observed, together with relief of 
nutritional oedema and some regeneration of serum 
proteins, while balance experiments indicated that th 




In 1939 there also a geared the first clinical 
report of the use of an enzymic hydrolysate of casein, 
which had the advantage over the acid hydrolysate in 
that it did not need the addition of tryptophane, an 
expensive amino acid; in this preparation only 
50 -7(40 of the protein is completely hydrolysed and a 
proportion of peptides are administered in addition 
to the amino acids. Shohl et al. (1939) observed 
positive nitrogen balances in 5 of 6 two day periods 
when infants were given this hydrolysate intravenouslÿ, 
the degree of nitrogen retention being practically 
the same as that obtained with milk containing a 
similar amount of nitrogen. Elman (1940) described 
the intravenous use of this enzymic hydrolysate of 
casein (Amigen) for periods of 2 -23 days, as the sole 
source of nitrogen, in 3 adult patients. Dosage 
varied from 1.2 g. of nitrogen per kg. of body weight 
and 300 -400 g. of glucose were given intravenously 
as a 10 solution in order to meet the caloric 
requirements. In a normal individual positive 
nitrogen balances often amounting to almost 4 g. a da, 
were achieved for 12 days on 60 g. of Amigen 
(equivalent to 45 g. of protein). Dramatic clinical 
improvement was recorded in some of these cases, 
together / 
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together with positive nitrogen balances, and though 
in some of the early preparations pyrogenic reactions 
were encountered, the injections were on the whole 
well tolerated. Increases in the albumin fraction 
of the plasma proteins were observed in some cases, 
and this supported the evidence later obtained from 
animal experiments, using dogs, that enzymic digests 
of casein given intravenously aie capable of promoting 
protein regeneration. p lasma p  (Brunschwig 1942, 
Elman 1943, Whipple 1941) . 
The maintenance of nitrogen equilibrium by the 
administration of intravenous Amigen, in total 
parenteral feeding, for periods of up to 8 weeks has 
been reported (Brunschwig 1945 and Reifenstein 195).' 
There is, therefore, little doubt that as a source of 
nitrogen Amigen is nutritionally adequate. 
It has been observed that tissue protein is lost, 
following extensive trauma, burns, surgical operation 
and in various types of infection, due to a 
phenomenon, the nature of which is poorly understood 
and which is spoken of as "Toxic destruction of 
protein," or the "catabolic phase." It wasIfirst 
described and studied in typhoid fever by Schaffer 
and Coleman (1909), while Wernheimer (1919) observed, 
after a period of shock, that there was an increased 
urinary / 
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urinary urea excretion, which remained at a high level 
for some time. Its significance in surgical patients 
has been emphasised by Cuthbertson. He showed in 
normally healing fracture cases that there is a marked 
loss of nitrogen, phosphorus and sulphur in the urine,¡ 
wilich may continue for well over a month, but which is 
maximal about the second to the fifth day after the 
fracture has been sustained ( Cuthbertson 1929, 1930, 
1931, 1932). The relative amounts of substances 
excreted suggested that the material catabolised was 
'probably muscle protein. Total losses of nitrogen 
amounted in some cases to over 220 g. of nitrogen 
(equivalent to 15 lbs. of muscle). High protein 
diets for these patients were indicated but with diets 
containing daily intakes of 23 -36 g. of nitrogen and 
caloric intakes of 3,044 -3,606 Cals., Cuthbertson 
(1936) was unable to obtain nitrogen equilibrium, 
though he did find that the relative nitrogen loss 
was less with the higher protein intakes. Howard 
(1944) has confirmed Cuthbertson's results in nitrogen 
balance experiments carried out on healthy male 
patients after fractures and skeletal operations. 
A similar pattern of changes in urinary excretion has 
been shown to occur following other surgical 
procedures / 
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procedures (Elman 1940, Brunschwig 1942, Co Tui 1944) . 
Attempts have been made to prevent this 
excessive nitrogen loss. Fadden and 'aipple (1944) 
contend that plasma proteins are the medium of 
exchange between the various body proteins, so that 
it seemed justifiable to give plasma infusions in 
order to maintain nitrogen equilibrium following 
operation. Marked positive balances, with temporary 
rises in plasma proteins, have indeed been observed 
as the result of such treatment (ELnan and Lischer 
1943, Madden and Tipple 1944, Meyer et al: 1947) but 
as Eckhardt et al. (1948), in their study of the 
nutritive value of administered human serum albumin, 
have emphasised, its action is delayed and its 
utilisatiön extends over many dais so that the 
beneficial effect, if any, is difficult to assess. 
Oral feeding of high protein diets is often an 
impractical procedure following operation, but with 
the development of par enteral protein feeding the 
administration of such diets is at least a theoretic -1 
possibility. Studies have been made to see how the 
affect the so- called "nitrogen catabolic phase" and 
if it can be prevented. Claims to have obtained 
nitrogen equilibrium following severe surgical 
operations / 
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operations, in the majority of cases as the result of 
the administration of massive amounts of Amigen and 
Glucose both orally and intravenously, have been mad 
by some workers (::u1holland 1943, Co Tui 1944, Riega 
1945, 1946). Peters (1944) Brown et al. (1944) and 
Howard (1944) have however been unable to prevent 
a negative nitrogen balance occurring after operation. 
The study to be reported in this thesis was 
begun in 1946 in an endeavour to see how far the 
protein requirements of a patient are affected by 
such operations as that of partial gastrectomy, 
and to what extent these requirements can be supplie 
by oral, intravenous and intraj e junal feeding. It 
was proposed to investigate the possibility of 
abolishing the nitrogen catabolic phase, or at least 
of minimising it, and to obtain information as to th 
value, or otherwise, of British preparations of 
enzymic casein hydrolysates for oral and intravenous 
use in surgical treatment. Co Tui (1944) had repor 
-ed the successful treatment of patients suffering 
from peptic ulcers by the oral administration of 
large doses of Amigen and Glucose and attempts were 
made to confirm his results. 
The / 
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The preliminary work consisted mainly of nitrogen 
balance studies, but it was observed that, despite 
apparently adequate salt intake, a period of low salt 
excretion almost invariably accompanied the periods 
of negative nitrogen balance. The investigations 
were, therefore, extended to see if there was any 
correlation between the periods of salt rei,ention and 
protein catabolism which follow operation, and to what, 
extent the one influenced the other. 
17. 
i:,n, 1ODS . 
PREPARATION OF SPECIMLNS FOR .iNAi,YSIS. 
flr ine . 
unless otherwise stated, all analyses of 
urine were carried out on samples of urine taken from 
a complete 2!i hours specimen, the volume of which was 
carefully measured. Suitable dilutions of the Trine 
were made for the various estimations, which were 
performed immediately. 
Faeces. 
Faeces and enema returns were collected in 
24 hours specimens and were analysed daily in most 
instances. Usint; a Warburg blender, a relatively 
homogeneous solution was obtained which was made up 
with distilled water to 1,000 or 2,000 ml. in a 
volumetric flask. Aliquots of this solution were 
then used for analysis. 
Gastric aspizaLims_and vomitus. 
The volute of the fluid was measured and, 
if necessary, put into the Warburg blender in order 
to obtain a more homogeneous solution. Aliquots 
suitably diluted were taken for analysis. 
Blood loss during operatim. 
All swabs, towels etc. used during the 
operation were collected and soaked in cold water 
immediately after the conclusion of the operation. 
The / 
18. 
The towels were rinsed thoroughly and wrung ont at 
once and the washings preserved. The swabs were 
soaked over -night in a 5% solution of sodium 
hydroxide. The next day the swabs were wrung out 
and re- soaked in dilute 5% soda solution. The 
volume of the combined , ashings was measured and the 
nitrogen content of an aliquot of t,lis fluid was 
determined. The nitrogen lost as blood at operation 
was then determined. Total blood nitrogen was 
determined on a specimen of blood withdrawn just befo: 
operation, so that it was possible to obtain an 
approximate value for the volume of blood lost at 
operation. Recovery experiments indicated that this 
method was accurate to 10%. 
aliomuch. 
The portion of stomach resected was placed 
in a pyrex beaker, covered with á.h. sulphuric acid 
and left over- night. When the tissue had been 
completely dissolved by the acid, the solution was 
transferred to a volumetric flask and distilled water 
was added to make the volnneup to 1,000 or 2,000 ml. 
This solution was diluted 1 in 5 and a nitrogen 
determination carried out on a 1 ml. aliquot. 
e 
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ANALYTICAL Iù1I;ThODS . 
Q njtro er. 
A micro modification of the K.jeldahl method 
was used. 1 ml. portions of the fluid for analysis, 
diluted to contain not more than 2 mg. nitrogen, were 
digested with 4 ml. of a modified Arnold Gunning 
digestion mixture (100 ml. A.R. sulphuric acid, 300 m 
A.H. phosphoric acid and 50 ml. of 3% w/v crystalline 
copper sulphate) until all charring had disappeared 
and then for a further 3 minutes, so that all the 
nitrogen present had been converted into ammonium 
salts. Ammonia was released by the action of excess 
40% sodium hydroxide and, by means of steam distill- 
-ation, carried over into N/70 sulphuric acid. A 
back titration with N /70 sodium hydroxide enabled the 
amount of ammonia liberated and thus the total 
nitrogen in the solution to be calculated. Using 
this method standard urea solutions gave recoveries 
of 98 -100% and it was therefore decided not to use 
the method of digestion suggested by Chibnall, Rees 
and 'Alliams (1943) , which although more accurate, 
would have proved too time consuming for our purpose. 
Elas.ma teins . / 
20. 
E1asma proteins. 
Plasma protein determinations were made by the 
micro -I.j eldahl technique, with magnesium sulphate as 
the fractionating agent. Popj ak and YlcCarthey 
(1946) have shown that this method for the deter- 
-mination of the alb min -globulin ratio was reliable, 
the values obtained being in close agreement with 
those given by electrophoresis. 
Fibrinogen determinations were not made, so Ì 
that all values given for globulin include fibrinogen 
Tungstic acid was used to precipitate the 
plasma proteins for the determinations of non -protein 
-nitrogen, which were then made by the above method. 
On account of the simplicity and the rapidity 
of the method, the urea concentrations of blood and 
urine were determined manometrically by the hypo - 
-bromite reaction (Van Slyke 1929), though as Peters 
and Van Slyke (1932) (1) have pointed out, sodium 
hypobromite is a less specific agent than urease and 
errors of 1 -4% may be expected. 
Uric acid. 
Uric acid was determined colorimetrically 
both in blood (polin 1930) and urine (Benedict and 
Franke 1922) with a Duboresq colorimeter. The 
arsenophosphotungstic / 
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arsenophosphotnngstic acid reagent used is specific 
for uric acid, and the blue colour produced is not 
normally affected by the other constituents of blood 
filtrates or urine. 
Çreatinine. 
The method of Folin (1914) was used to 
determine creatinine in urine, the red colour produced. 
by the Jaffe reaction being compared with that 
produced by standard solutions using a Hilger Biochem 
Absorptiometer. A modification of this method was 
used for the blood analysis (Folin and Wu 1919) . 
There is some doubt as to the exact nature of the 
substances causing the Jaffe reaction in blood; 
Peters and Van Slyke (1932) (2) have presented 
evidence which suggests that the colour is, for the 
most part, produced by substances other than creatinine 
though for convenience it is customary to tree:, the 
results as if the red colour was wholly due to 
creatinine. 
Amino Acid Nitrogen. 
The method of Frame, Russel and Wilhemi 
(1943, 1944) was employed. This method depends upon 
the combination of amino nitrogen groups with 
p napthoquinone sulphonate in alkaline solution to 
form highly coloured compounds, orange -red in acid 
solution, which were determined colorimetricaliy 
using / 
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using a Gambrell Photoelectric Colorimeter No. 549 
with a blue filter 032 (maximum light transmission 
480 mp) . It has the advantage over the nitrous acid 
and ninhydrin manometric and titrimetric procedures, 
in that it is suitable for determining 4 -40 gamma 
amino N per sample, whereas they require at least 40 
gamna, preferably more. Chinard and Van Slyke (1947) 
compared the photometric and ninhydrin manometric 
methods and considered that the former method gave 
satisfactory though in general slightly higher results 
(especially in cases of uraemia), due to the fact that 
p- napthoquinone is not specific for d, amino nitrogen' 
Uric acid, the most concentrated of the interfering 
substances, normally found in blood yields a colour 
equivalent to 0.1 mg.% of amino N, wh_n it is present 
in a concentration of 1.0 mg.%. In these studies no 
high uric acid values were encountered and therefore 
a correction for uric acid was not applied. Urea 
does not interfere with the colour reaction. Instead 
of the 0.2 ml. plasma suggested by Frame et al. 
(1943, 1944) 0.4 ml. were used and were made up to 
10 ml.,after the addition of the decolourising 
reagents, in proportionate amounts, in order to get 
as strong a colour as possible; otherwise their 
procedure was followed. 
This method was also used for determining the 
amino acid content of urine. The urine was diluted 
1 / 
1 in 25 and shaken gently with permutit for 5 minutes 
to remove any ammonia, which is an interfering 
substance in the reaction. The supernatant fluid 
was decanted and filtered and 1 ml. portions of this 
diluted urine were then treated in a manner similar 
to the plasma filtrate. Considerable individual 
variation in the daily excretion of amino acid 
nitrogen was encountered (0.1 - 1.4 g. per 2 -, hours),,' 
but the values for any particular individual were 
fairly constant. The daily figures given by the 
ninhydrin method (Van Slyke, McFayden and Hamilton 
1943) correspond to 0.1 E. 0.15 g. of amino N, 
whereas the nitrous acid method (Van Siyke and Kirk 
1933) and the copper titration procedure of Albanese 
and Irby (1944) give higher results. The Formol 
titration method (Northrop 196) gives figures 
averaging between 0.4 and 1.,0g. /day. The dependence 
of the results on the method employed is presumably 
due to differences in specificity for d. amino nitroge 
peptide Nitrogen. 
The term 'peptide nitrogen' was applied to 
the increase in amino acid nitrogen which resulted 
after hydrolysis of the urine. After treatment with 
permittit 10 ml. of the diluted. urine were placed 
with 5 ml. of A.R. hydrochloric acid in a large pyrex 
tube. / 
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tube. The tube was fitted with a glass storper and 
kept in a boiling water bath for at least 6 hours. 
The hydrochloric acid was removed by vacuum 
distillation. The first residue obtained was 
dissolved in water and the procedure repeated. The 
final residue w.ts washed into a 20 ml. flask with 
distilled water and made up to the mark. The 
solution was filtered and 1 ml. aliquots taken for 
amino acid nitrogen analysis. In some instances it 
was found impossible to get a satisfactory reading on 
the colorimeter owing to the development of cloudi- 
ness in the solution. It was thought that this 
unpredictable difficulty was due to some interfering 
substance in the hydrolysed urine. 
Sodiuri . 
Sodium was estimated gravimetrically as the 
uranyl zinc sodium acetate salt, which weighs 67 
times as mch as the sodium in it. The method is 
specific for sodium, unless the solution in which the 
precipitate is formed contains more than 50 mg. /ml. 
of potassium, which is unlikely in biological 
materials. 
The urine received preliminary treatment with 
calcium hydroxide and mercuric chloride in order to 
remove phosphates and any protein which might be 
present; / 
25. 
present; ashing .vas, therefore, unnecessary. (Butler 
and Tuthill 1931) . Serum sodiu:il estimations were 
performed according to the method described by Peters! 
and Van Slyke (1932) (3). This method was also 
employed for stool estimations, using 1 ml. portions 
of the stool solution; the wet ashing was found to i 
be more satisfactory than the more usual dry ashing 
procedure. 
2hloride. 
Chloride estimations were carried out on 1 ml. 
specimens of blood, plasma, urine or stool solution, 
using a modification of the method of Van Slyke and 
Sendroy (1923), whereby the chloride was precipitated! 
using 5 ml. of N/29.25 silver nitrate in concentrated 
nitric acid solution, and the excess silver nitrate 
was titrated against N/29.25 potassium thyocyanate, 
with 5% ferric alum solution as the indicator 
Eotassiu. 
The platinic chloride microtitration method 
of Stohl and Bennet (1928) for determining potassium 
as the iodo -platinate described by Peters and Van 
Slyke (1932 (4) was used for serum. It is claimed 
that the accuracy of the method is such that with 
0.4 mg. potassium (amount in 0.2 ml. of serum) the 
error / 
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error is within ± 2%. 
The same method was app4.ied to the estimations 
of urinary potassium as the usual dry ashing method 
gave inconsistent and low results. Recovery 
experiments with suitably diluted urine gave satis- 
-factory results (95- 100°, recovery) but the high 
:_ositive balances found before operation in well 
nourished patients caused doubts to be entertained 
regarding the validity of the method. A variety of 
methods involving the use of sodium cobaltinitrate, 
for gravimetric or colorimetric procedures, for the 
determination of urinary potassium were also tried, 
but were found unsatisfactory. 
Analyses were also carried out on 10 ml. samples 
of stool suspension after dry- ashing, the residue 
being dissolved in distilled water and 4 N sulphuric 
acid .nd made up to 50 ml. of which 4 ml. were used 
for analysis. 
Sulp 11L 
In urin., the total s,nlphur was determined 
gravimetrically by precipitation as barium sulphate 
(Benedict 1909). 10 ml. potions of the stool solutio 
were similarly treated, care being needed to avoid 
loss due to spurting while drying the solution. 
Phosphorus. / 
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Pho sphorL . 
Inorganic phosphorus was determined colori- 
-metrically in Brine (96 -99% total urinary 
phosphosphorus) and serir1 by measuring the intensity 
of the blue colour given with ammonium molybdate 
(Summer 1944). The urine was diluted so that the 
final solution for estimation contained between 
0.01 - 0.2 mg. phosphorus (1/50 dilution being 
usually satisfactory) . 10 ml. sa_«ples of the stool 
solution were ashed over -night in a muffle furnace, 
dissolved in a minimum of concentrated hydrochloric 
acid and then made up to 100 ml. with water. After 
diluting 1 in 10, 10 ml. portions were used for 
analysis, thus enabling the total phosphorous content 
of the stool to be calculated. The colour determin- 
-ations were made with a Hilger abso:rptiometer 
(red filter OR.2). 
CarboL_ï ioxic e Combini,nr: F& 
The carbon diox -ide combining power of blood 
was estimated manometrically using Van Slyke's 
apparatus. (Van Slyke and Gullen 1917). 
Fat.. 
100 ml. aliquots of the stool solution were 
dried in a steam oven to constant weight. 2 g. of 
the / 
28 . 
the dried stool were then ground with silver sand and 
the mixture placed in a Soxhlet thimble and extracted 
with methylated ether for 24 hours. The ether was 
removed by evaporation and the weight of the fat 
residue determined. 
The figures for the food intake of the 
patients were supplied by the Dietetic Departiuent. 
They were calculated from the Tables of McCance and 
Widdowson (1945). Periodically, djlicate samples 
of a day's food were analysed and good agreement was 
found to exist between the results obtained and those 
estimated from the Tables. 
.DLUU1.y UU.LiUi' 11. 1.41;Lia-tia11NA'l' iU1\1 
Blood was withdrawn by venipuncture and 3 ml 
blood were placed in a Wintrobe tube. Some of this 
blood was transferred to a graduated haematocrit tube 
and spun at 2,500 revolutiohe per minute for 30 
minutes, the remainder of the blood being used for 
red cell counts and haemoglobin estimations. No 
allowance was made for the plasma trapped in the red 
cells in the haematocrit determinations. 
The / 
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The method of Gibson and Evans (1937) was 
adopted . First, 20 ml. blood were withdrawn by 
venipuncture and then, through the same needle, a 
known amount of 0.24% T1824 dye was injected from a 
syringe calibrated for the 5 ml. mark. After period 
of 10 and 30 minutes from the time of the injection 
of the dye 15 ml. of blood were withdrawn from a vein 
in the other arm. The blood specimens were allowed 
to clot. The clot was released and the specimens 
were centrifuged at approximately 1000 revolutions 
per minute for 15 minutes. The serum was removed 
using a Pasteur pipette and was a ,ain centrifuged for 
15 minutes so as to remove any cells. The dye 
solution (0.24 %) was diluted 1/500. Tmmediate 
readin;s of the colour intensity of the diluted dye 
solution and the serum samples withdrawn at 0, 10 
and 30 minutes were made with a Spekker Photoelectric 
Absorptiometer (red filter OR.2) with distilled water 
as the reference liquid in all cases. Cells of 
capacity 3.5 mi. were used and the reading obtained 
with the 10 minute serum sample was used in the 
calculation: 
Plasma volvr,e . 500 x(calibrated vol. of syringe)x 
(reading of diluted dye solutio 
(Reading of serum at 10 mins.) - 
(Reading of serum at 0 mins. ) 
Serum / 
30. 
Serum was used for these determinations in preference 1 
to plasma as there was less likelihood of haemolysis 
occurring and because of the necessity of avoiding 
anticoagulants which might affect the thiocyanate 
space determinations which were carried out 
simultaneously. 
3loQd 
The blood volume was calculated from a 
knowledge of the plasma volume and the packed cell 
volume using the following formula:- 
Blood Volume Plasma Volume 
x 100 
-700 - P.C.V.) 
xtraceL.lular Volume (Thiocyanate Space) . 
The method of Bo:vler (1944) was used to 
determine the thiocyanate space. These estimations 
were usually made at the same time as plasma volume 
determinations and a known amount of 5p sodium 
thiocyanate solution was injected from a syringe, 
calibrated for the 10 ml. mark, after the injection 
of the T1824 solution. After precipitation of the 
serum proteins with 20% trichloracetic acid, ferric 
nitrate reagent was added to the filtrates and 
immediate readings of the red colour produced were 
made using a Spekker Photoelectric Absorptiometer 
(blue filter Q.B.2) with water as the reference fluid 
Readings / 
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Readings were also made for the reagent solutions 
and for a 1 /1000 dilution of the injected sodium 
thiocyanate solution. The thiocyanate space was 
calculated using the reading given by the filtrate 
of the serum sample taken at 30 minutes after the 
injection of the sodium thiocyanate. 
Thiocyanate space = 1,000 x (calibrated vol. of 
syringe) x (reading of 
thiocyanate solution - reading 
of reagent blank) 
(reading of serum at 30 min.$) 
reading of serum at 0 mins.) 
The faint red colour given by the ferric thiocyanate, 
resulting from the treated serum, gave maximum readings 
on the Spekker scale of about .100. Variations 
of .002 in the denominator and numerator readings may 
cause differences in the calculated thiocyanate space 
of a 1000 ml. ,regardless of any errors arising during 
the injection. Alterations in the thiocyanate space 
of less than 1000 ml. are, therefore, not significant. 
BRITISH / 
32. 
t'sRIT I6h PilLPiitulTlÚN6 OF Pr0`fL;I1v 
Pronutrin is a hydrolysate of casein, 
manufactured jointly by Atomised Food Products Ltd. 
and Herts. Pharmaceuticals Ltd. for oral administrat- 
-ion. It is prepared by enzymic hydrolysis and 
consists of a mixture of amino acids and some of the 
simpler polypeptides. Chemical and animal experi- 
ments by the manufacturers have shown the product 
to be free from native protein, proteoses and other 
anaphylactogenic substances. It is supplied as a 
fine hydroscopic powder, pale cream in colour. It 
is soluble in water, and the pH of a 5% solution is 
approximately 5.5. In common with other protein 
hydrolysates it has a characteristic odour and taste 
that cannot be disguised, though most patients will 
tolerate then. 
Analysis has shown Pronutrin to have the 
following composition: - 
Total nitrogen 12% 
Amino acid nitrogen 7% 
Mineral matter 5% 
Moisture 4% 
The manufacturers claim that it contains adequate 
quantities / 
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quantities of all the essential amino acids, including 
2-- 2.3% methionine. 
Casydrol. 
Casydrol is a mixture of amino acids and 
polypeptides derived from casein by digestion with 
pancreatic enzymes. It is manufactured by Genetosan 
Ltd. who claim that the product is apyrogenic, and 
free from depressor substances and anaphylactogens. 
It is supplied for parelteral administration in 500 ml. 
and 1000 ml. containers as a sterile solution which 
contains 5% of amino acids and 5% glucose, and is 
hypertonic. It contains the equivalent of 0.3% 
sodium chloride and has a pH of 6.5. 
Analysis of Casydrol, employing the same 
procedures used for urine analysis, indicated the 
following composition: - 
a) Total nitrogen 0.6u6 g. per 1 0 ml. 
b) Amino acid nitrogen 0.33 
c) Amino acid nitrogen after 
hydrolysis 0.49 " 
d) Peptide nitrogen 0.16 " 
The sealed containers could usually be kept for 
several months at room temperature without 
deterioration. Occasionally some of the amino acids 
precipitated / 
34. 
precipitated out and, if attempts to re- dissolve 
them by heating the affected bottle in boiling 
water were unsuccessful, then the bottle was dis- 
-carded. 
35. 
1.ïlilC.iL Cri6L;6 . 
THE i US'F, Uii' PROTEIN' HYDttOLYSrITL liV ll L' 
TrL . T:îJ T OF .t'EPT 1. C uLCEYS . 
The use of large doses of protein hydrolysate 
for the treatment of patients suffering from peptic 
ulcers has been advocated by Co Tui et al. (1945). 
He claimed dramatic improvement in the clinical 
conditions of 27 patients, who were given, in 2- hourly 
feeds, a total of 300-400 g. Amigen and 300 -400 g. 
dextri -maltose a day. It was, therefore, considered 
desirable to repeat, and if possible confir, this 
work, using Pronutrin as thesource of protein 
hydrolysate. 
The patients for this investigation were men 
selected from the Medical Out- Patients of the Royal 
Infirmary, Edinburgh. Thee all gave histories of 
epigastric pain, which was relieved by food and 
alkalies,and the diagnosis of duodenal ulcer had been 
confirmed by radiological examination prior to their 
admission to the metabolic ward. They refused an 
exciusive diet of Pronutrin and glucose and instead, 
received a diet of some 2,700 calories, made up of 
300 g. carbphydr .te, 85 g. fat and 00. g. protein, 
together with 110 g. Pronutrin. The hydrolysate 
was given as drinks between meals; some unsuccessful 
attempts were made to disguise its slightly offensive 
flavour, / 
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flavour, but, on the whole, most patients preferred 
to take it as a medicine made up into a cold water 
drink. Only one of the patients was able to 
tolerate large doses of Pronutrin without becoming 
nauseated. The food was prepared in the diet 
kitchen and a daily chart of each patient's food 
intake was kept by the dietician in charge. 
In an endeavour to provide an objective method 
for assessing any improvement in the patient's 
condition, nitrogen balance studies were carried out. 
Daily estimations were made on all urine and faeces 
passed. The patients were weighed regularly and 
blood was taken for haelatolagical and biochemical 
analysis. Chemical examination of the faeces 
included the Benzidine test. 
aase Na, ].. (J.C.) age - 37; occuptation,barman. 
This patient, who had been recently demobilised 
from the Army as a battle instructor, remained in 
hospital for 3 weeks. On admission his faeces gave 
a positive result to the Benzidine test but, within 
a week a negative result was obtained. His blood 
chemistry was within normal limits (Hb. 10, 
Alb. 3.63 g. %, Glob. 2.28g%, and 27.7 mg.%) 
Despite an average positive nitrogen balance for 3 
weeks of 3 -4 g. a day, he did not gain weight 
appreciably. Radiological examination prior to his 
discharge indicated that healing of the ulcer had 
occurred. 
agae No. L. / 
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Case No._2. (J.T.) aged - 21; occupation, builders 
labourer. 
This patient's faeces gave a positive result to 
the Benzidine test only for the first few days he was 
in hospital. His blood chemistry was withinnormal 
limits (Hb. 105 %, Alb. 4.09 g. %, Glob. 2.33 g. %, 
N.P.N. 25 mg.%, and CO2 combining power 66 vol. %). 
He maintained a positive nitrogen balance of about 3 
a day throughout the period of the investigation, but 
did not gain weight. He made a normal recovery afte 
20 days in hospital. 
Cie No. 3,, (A.M.) aged - 23; occupation, civil 
servant. 
During his three weeks in hospital, no specimen 
of faeces gave a positive result to the Benzidine test. 
Gastric analysis on admission showed a maximum hydro -! 
-chloric acid concentration of 80 ml. of iT /10 HC1 /100m1. 
of gastric juice at 2 hours. His blood chemistry wa 
within normal limits (Hb. 100%, alu. 4.05 g.%, Glob. 
1.88 G. %, and urea N. 16 mg.%) . He gained 22 lb. 
in weight and maintained a small positive nitrogen 
balance of 2.45 g. a day throughout his 20 days 
hospitalisation. His clinical condition improved 
although radiological examination showed persistent 
deformity of the duodenal cap. 
Ç e hTO (J.T.) aged - 19; Pccupation, electric 
welder. 
On admission gastric analysis showed the 
presence of hyperacidity in this patient (maximum 
acid concentration - 100 N /10 HC1 / 100 ml. gastr 
juice) and specimens of faeces gave a positive result 
to the Benzidine test. No abnormality was apparent 
in his blood chemistry (Hb. 100%, Alb. 3.78 g.;, 
Glob. 2.33 g. %, N.P.N. 28 mg.w and CO2 combining 
power 64 vol.%) . Considerable variations in the 
daily urine nitrogen excretion were observed, for 
which no explanation could be given, since a urea 
clearance test gave a result of 99 %, of normal. The 
patient's symptoms disappeared during his 18 days sta 
in hospital, though he did not gain weight despite 
net positive nitrogen balance of over 2 g. a day. 




Three weeks later, however, he was readmitted 
with a return of his symptoms and melaena (positive 
Benzidine test and haemoglobin 60 %). He was again 
given a diet supplemented with 110 L. pronutrin and 
appeared to improve. Substitution of the pronutrin 
by an equal quantity of casein in its unhydrolysed 
form did not affect the nitrogen balance, though a 
loss of weight of 2 lb. occurred during this period. 
This weight was not regained upon the re- introduction 
of pronutrin to the diet, so that the loss may not 
necessarily have been due to the casein. An increase 
in the protein content of the diet to 92 g. a day 
with continued supplementation by pronutrin resulted i 
the patient gaining 4 lb. in weight in the last week 
of his 31 days stay in hospital. 
Case No. 5. (J.B.) aged - 42; occupation, Diner. 
Gastric analysis on admission showed the presence 
of a mild state of hyperchlorhydria in this patient 
(maximum acid concentration - 70 ml. 1110 HC1 / 100 ml. 
gastric juice). His blood chemistry suggested sligh 
nutritional deficiency (Hb. 95%, Alb. 3.85 g. %, 
Glob. 1.60 g.%, and N.P.N. 40 mg.%) and he was, 
therefore, given a daily supplement of 160 g. pronutri' 
to his diet. Later this amount was increased to 
240 g. per day, which was well tolerated by the patie 
who continued to have an appetite for his normal diet. 
Analysis showed that these large quantities of pronutrin 
were absorbed and apparently metabolised, being 
excreted for the most part as urea. He gained -4 lb. 
in weight on this high protein diet, although the 
expected positive nitrogen balance was not observed, 
possibly due to the fact that the patient had develope 
iridocyclitis in one eye. On his discharge after 7 
weeks in hospital, he was symptom free, although 
radiological examination demonstrated the presence of 
a shallow ulcer. 
çse No.La (J.A.) aged - 38; occupation, bus 
conductor. 
During his 8 weeks in hospital this patient 
received different dietary regimes. For the first 
fortnight he was given a diet containing only 21 g. 
protein with as much pronutrin as he could take; 
urfortini ately he could only manage 80 g. per day so 
that his average nitrogen balance was a negative one 
of / 
39. 
of 1.92 g. per day, and he lost 2 lb. in weight. 
Upon increasing his protein intake to 7o g. per day 
and his pronutrin to 125 g. he maintained an average 
positive nitrogen balance 4.39 g. per day, but still 
did not gain weight. After 17 days the pronutrin 
was stopped and his whole protein intake increased to 
165 g. a day. This resulted in increasing his daily 
average positive nitrogen balance to 9 g. and he 
gained 5 lb. in weight. He made slow clinical 
progress. 
Observations. 
The clinical impression gained during these 
investigations was that the rate of recovery of the 
patients had in no way been im_roved by the inclusion 
of protein hydrolysate in the diet. The patients 
were all mild cases of peptic ulcer, who would no 
doubt have responded to any treatment of rest and a 
high protein diet, so that in assessing the success 
of the treatment,the time taken for recovery was an 
important factor. It was considered that a diet 
containing similar quantities of protein could -more 
pleasantly have been attained by using dried milk 
powder as the protein s',pplement, and the investig- 
-ation was therefore not continued beyond the six 
cases reported. Browne (1946) has reported that a 
mixture of milk and milk powder gives as favourable 
results as protein hydrolysate in the treatment of 
patients with peptic ulcers. He considered that thi 
was due to the qualitatilie 
- 

















































































































































































































































































































































































































































































































































































































































































































































































No evidence has been obtained whicri would 
indicate that protein absorption is impaired in cases 
of peptic ulcer, for although isolated specimens of 
faeces did contain relatively large amounts of 
nitrogen, these usually followed a period of constip- 
ation and the average daily faecal nitrogen was not 
high. No differences in the ability of the patients 
to absorb whole protein or protein hydrolysate were 
observed. The fact that the ratio of urea nitrogen 
to total nitrogen was within normal limits suggests 
that the protein hydrolysate was normally metabolised 
Over the period of the investigation, positive nitrog 
balances were found in 5 out of the 6 patients, but 
weight gains, if any, were in all cases small. 
Kennamore (1948) in a similar study found that, desp:i 
positive balances of as much as 12 g. of nitrogen a da 
the body weight of his patients who were not mal- 
-nourished also remained remarkably constant. (Table 
1). 
No significant changes in plasma protein values 
were found, so that the fate of the stored nitrogen 
and the extent of its utilisation remains unknown. 
It was observed with one patient (Ct.se No. 6) that no 





and caloric intake, until the Pronutrin in the diet 
had been exchanged for whole protein. There may, 
therefore, be some unknown factor essential for 
tissue protein production in the human adult, which 
is lacking in an enzymic digest of casein despite 
animal experiments to the contrary (Cox 1939). 
42. 
AE TA C ID PhO Pi ;O Iï S OF 'rttuìd GTt-cli; . 
Co Tui et al. (1945) suggested that the iiiiroved 
condition of their patients suffering from peptic 
ulcer might have been dine to the antacid properties of 
the protein hydrolysate, which are a, parent "in 
vitro." In experiments on 2 patients, who were given 
3 successive feeds of 25 g. Amigen and 37 g. dextri- 
-maltose (pH5.39) at hourly intervals, they showed 
that the production of free acid could be prevented 
for 1 -2 hours, but that after that free acid appeared 
in the gastric juice. In a patient with low acidity 
the feeding of a mixture containing 50 g. Amigen and 
58.6 dextri- maltose, did not result in the productio 
of free acid for 23 hours. 
Levy (1942) had shown that 300 ml. of a 10% 
Amigen solution given to 18 fasting students (vdth 
average fasting levels of 20.7 ml.N /10 HC1 /100 ml. 
gastric juice) prevented the production of any free 
acid for 30 minutes in all the students, and in 13 
out of 18 students for 50 minutes. After 60 
minutes, however, the average free acid content was 
24.2 ml. N /10 HC1 /100 ml. gastric juice. He con- 
- cluded that a solution of amino acids is of value 

























































































































































































































































































































































































































































































































































































































































































































A comparison of the antacid properties of a 
solution of F7. °onutrin with those of fresh milk and a 
solution of reconstituted dried skimmed powder 
was made. Solutions of the following substances were 
prepared to contain the sugar, nitrogen and water 
equivalent of .hint of fresh milk; 
a) ;milk 
b) dried ski=ed powder 
c) pronutrin and sucrose 
d) pronutrin, sucrose and butter 
(equivalent in weight to the fat 
content of i pint milk) 
They were given to 2 young fasting adults on 4 
successive days. Samples of the gastric contents 
were withdra.Jn at 10 minute intervals by means of a 
Kyle's tube, and aliquots were titrated against /10 
sodium hydroxide solution using Topfer's reagent as 
an indicator (Table 2). 
The experiments, though admittedly limited in 
number, gave no indication that the antacid propertie- 
of Pronutrin are in any way superior to those of wholJ 
milk proteins. In both subjects free acid re- 
-appeared in the gastric contents at a shorter time 
interval after the Pronutrin test meal than after the 
whole milk test meal, though there were no significan 
differences / 
T1iEL.0.; 3. 
Fronutrin as_a Gastric aIloilant. 
of ??110 HC1 per l00m ,l. G 
Patient Test 0 30 60 90 120 100 180 
meal. min. min. min. min. min. min. min. 
Hista- 
mine 
C Gruel 16 nil 4 4 84 80 
Pro- 
nutrin 24 4 8 8 32 64 90 
D Gruel 4 - - - - - _ 
Pro - 
nutrin 16 16 60 60 56 28 20 
44. 
differences in the maximum acid concentration 
eventual y reached. The addition üf fat in the form 
of butter o the pronutrin and sugar solution prolong-1 
-ed its antacid effect by slowing down the rate of 
absorption of the pronutrin. Although for a snort 
period of time pronutrin behaved as an antacid, it 
aleo acts as a stimulant of gastric secretion. 
(Table 2). 
The Action of Pron,ltrin as a Stimulant of 
Gastric Secretion. 
This action of pronutrin has been studied in a 
number of patients by giving them 20 g. pronutrin in 
200 ml. of water :as a test meal, and then comparing 
the acid production with that obtained as the result 
of a normal test meal. These results have down that 
pronutrin causes a production of hydrochloric acid 
nearly as great as that produced by histamine and over 
as long a time. In several cases of apparent achlor 
-hydria, but not those that are histamine resistant, 
it has be.:n found possible to stimulate acid secretion 
by means of a pronutrin test meal (Table 3). It is 
possible, therefore that protein hydrolysate 
preparations may have a therapeutic value as stimul- 
ants of gastric secretion. 
These findings are in agreement with those of 
Rossien / 
45. 
Rossien (1947) who compared the effect of a modified 
Edwald meal with that of graduated doses of protein 
hydrolysate (E.R.T.) on the gastric secretion of 56 
patients. He showed th:t at the end of 1 hour, 12 
out of 56 patients had more free acid in their gastric 
juice when given protein hydrolysate as a test meal, 
than with the modified Edwald meal, while 37 of the 
patients had no free acid. After 90 minutes, regard- 
less of the dose, more than 5 out of 7 in each 
protein hydrolysate group had a return of fre., acid, 
and 38 out of 56 had a higher free acid figure than 
at the 1 hour period after the modified Edwald meal. 
Rossien also suggested that, whereas the primary 
effect of a dose of protein hydrolysate solution is 
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THE USE OF FiiONUT1rtII5T IN THE Ti-LAI'LENT 
OF S'iEAT0lttsHUïA. 
The faeces of patients suffering from 
stearorrhoea are characterised by a high fat and a 
high nitrogen content. In case the high nitrogen 
content was due to impaired digestion of protein, it 
was suggested that the administration of ,protein 
hydrolysates might be of benefit. Nitrogen balance 
studies were, therefore, made in two such cases, 
together with daily estimations of stool nitrogen and 
fat. The results obtained when the patient was 
taking a high fat and high protein diet were compared 
with those obtained when this diet was supplemented 
with Pronutrin in cold water taken between meals. 
Case No. 7 (r .?:cB.) Aged 37; occupation, domestic 
servant. 
Diagnosis - steatorrhoea, secondary to 
tuberculous peritonitis. 
For the first 10 days of the investigation, thi 
woman was given a diet of 145 g. protein and only 36 
fat and initially was able to keep her fat excretion 
within normal limits. She did not gain weight. 
Her daily intake was then increased to 150 g. protei 
and 80 g. fat for 21 days and her inability to 
utilise the fat of her diet became apparent with a 
rise in both the daily fat excretion to 16.8 g. and 
the percentage of fat in the faeces to 30.8%. Of 
the fat excreted, 58.3% was split and 41.7% unsplit. 
She continued to maintain a positive nitrogen 



















The inclusion of 55 g. Pronutrin in the patien.'s 
diet resulted in the average fat excretion falling to 
11.84 g. per day but the percentage of fat in the 
faeces remained high. After 12 days on this regime, 
the Pronutrin intake was increased to 110 g. daily 
and an average fat excretion of 10.92 g. per day, 
with 21.55% fat in the faeces was recorded. The 
average daily nitrogen loss in the stools rose from 
1.79 b. to 2..90 g. Her weight continued to increase 
and on her discharge from hospital after 54 days she 
had gained a total of 16 lb. Her plasma rroteins 
had risen from a total of 4.53 g. %. to 3.18 g. %. 
Case No. 8 (A.B.) Aged 34; occupation,University 
lecturer. 
Diagnosis - idiopathic steatorrhoea. 
The addition of 110 g. Pronutrin to this 
patient's daily intake of 114 g. protein and 94 g. fat 
had no apparent beneficial effect on either the fat 
utilisation or tie protein absorption. During the 
Pronutrin regime the average faecal nitrogen excretion 
rose from 3.99 g. per day during the control period 
to 5.81 g. per day, though there was a slight improve 
-ment in the percentage absorption of nitrogen from 
the diet on the higher intake. The average fat 
content of the faeces rose from 33.1 g. per day to 
51.1 g. per day, while the percentage of fat in the 
faeces increased from 35.8% to 43.7%. The higher 
average figures obtained during the Pronutrin regime 
are partly due to the fact that on two successive 
days whole casein was substituted for Pronutrin and 
this was so badly tolerated by the patient that in 
24 hours he passed faeces which contained a total of 
12.6 g. nitrogen and 121 g. fat. This also accounts 
for the loss in weight of the 3 lb. that had been 
gained while on the diet, so that over the period of 
the investigation there was no net gain in weight. 
(Table 4). 
Pronutrin did not, therefore, appear to have 
any specific beneficial effect on the malabsorption 
syndrome as such, though it did provide a means of 



























































































































































































































































































































































































































































































amount of protein absorbed without the addition of 
further fat. The value of high t.rotein diets to 
these patients is well -known and Pronutrin may 
provide an easy means of providing the required level 
of intake. 
49. 
THE USE OF TH-E' i -.Ti. ITT 
Ui' iV Jtx 1. i ì _nOíi 
Pronutrin was given to 2 cases of anorexia 
nervosa as a means of increasing their nitrogen 
intake. It was hoped that the protein hydrolysate 
would be utilised by the patient and that, with an 
improvement in the patient's general condition, the 
appetite would be stimulated to larger intakes of 
normal food. 
Case a. 9 (I.D.) Aged 20; occupation, market garden r. 
The addition of 60 g. Pronutrin a day to the die 
of this woman, who had a fairly good appetite andhad 
an averate daily intake of 77 g. nitrogen and 2000 
calories, had no apparent beneficial effect on her 
nitrogen retention. Her weight remained constant at 
6 st. 5 lb. during the 9 days she was taking Pronutri 
Case NQ. 10 (M.S.) Aged 31; occupation, teacher. 
This patient received 100 g. Pronutrin a day, 
in addition to whatever other food she would take. 
The Pronutrin, however, had an adverse effect on her 
appetite, so that her previous protein intake of 
about 40 g. a day dropped to 20 g. a day. Despite 
a daily nitrogen intake of 15.2 g. during the 7 days 
that she was on this diet, she remained in slight 
negative nitrogen balance and did not gain weight. 
This was possibly due to the low caloric intake 
(average 972 cals. per day). The ratio of urea 
nitrogen to total nitrogen in the urine suggested that 
the Pronutrin had been metabolised. 
Treatment / 
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Treatment with 20 mg. testesterone daily resulte 
in some gain in weight which was later shown to be du 
to water retention. Intravenous feeding with Casyc ro 
oas then attempted but after 2 days, thrombosis of th 
vein occurred, and this method of feeding had to be 
abandoned before its value could be assessed. 
Neither of these patients had given any indicat- 
- ations that their clinical symptoms were associated 
with malabsorption so that it was perhaps not surpris- 
ing that the use of protein hydrolysate appeared to 
have no specific beneficial action, beyond increasing 
the nitrogen intake of the patient. For cases where 
feeding by intubation becomes necessary Pronutrin may 
well be of value as a means of providing a high 
nitrogen intake in a concentrated form. No suitable 
case, however, was available for investigation of thi1 
possibility. 
51. 
THE USE ÙF C1iSYïi.ttvL Iti i'` u,i:DICAL C.S. rES 
Patients who are unable, or unwilling, to take 
food by mouth, and those who are unable to utilise 
the whole protein of a normal diet might, from 
theoretical consideration, benefit from parenteral 
protein feeding. Casydrol was therefore given to 
the following medical cases to see if it would be 
of any help to them. 
çase No. (N.C.) Aged 32; occupation, farm worker. 
Diagnosis - hypoproteinemia. 
This patient had been in the metabolic ward on 
a high protein intake for several weeks prior to thi- 
investigation, but no improvement in his plasma 
protein level (alb. 2.6 g.%; glob. 2.2 g.,Q) or 
general condition had been obtained. On a daily 
intake of 125 g. protein and 2,916 calories, he 
remained in slight positive nitrogen balance but did 
not gain weight. His average faecal nitrogen 
excretion was 2.39 g. per day, which represents abou 
10 g. protein per day above the "expected" wastage. 
In addition to his normal diet he was then given 
1,080 ml. Casydrol, which was administered at a slow 
rate. Blood samples were taken and urine voided 
at hourly intervals on the first day of the infusion1 
Two hours after its commencement the plasma amino 
acid level had risen from 5.6 rng.% to 6.9o,' but 
by the time the infusion was completed, it had falle 
to 6.1 mg.% and an hour later was back to a normal 
level. Urine analysis showed that of the amino aci 
nitrogen not metabolised the highest proportion was 
excreted 9 hours after the commencement of the 
infusion. (Appendix ). 
The addition of Casydrol to the normal diet was 
repeated on the following three days, on the second 
of / 
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of which only 150 ml. was administered, while on the 
fourth day a rigor occurred at the conclusion of the 
infusion of 1,080 ml. Casydrol. A plasma amino acid 
nitrogen level of 7.3 mg.% was recorded. In all, 
the patient received 2,390 ml. in 4 days, from which 
approximately 60% of the amino acid nitrogen and 53% 
of the peptide nitrogen appeared to be metabolised. 
The effect on the patient's nitrogen retention, 
weight and plasma protein concentration was not 
significant, so that it was unfortunate that it was n 
io sible to continue with the infusions for a longer 
period of time. 
Case No. ].a (w. H.) Aged 60; occupation, retired. 
Diagnosis - chronic starvation. 
This patient was admitted to a nursing home afte 
a long period of self- imposed starvation. He had 
lost his appetite and Casydrol was prescribed as a 
means of giving the man some form of protein intake. 
He was given 1,620 ml., 540 ml. and 540 mi. 
respectively on three successive days. Circumstance 
did not permit complete nitrogen balance studies to 
be made but urine analysis indicated that approximate 
82% of the amino acid nitrogen administered was 
metabolised. The treatment appeared to have a 
beneficial effect on both the man's general clinical 
condition and his appetite, so that he was afterwards 
able to start taking a normal diet. 




inoperable carcinoma of 
oesophagus. 
This patient was admitted in a state of severe 
dehydration and unable to take food by mouth. He 
was given on three successive days 2,160 ml. Casydrol 
parenterally. The infusions corrected his dehydrat- 
ion and appeared to be of temporary benefit to his 
general condition. During this period he remained 
in positive nitrogen balance. Thereafter, the 
patient became very drowsy and the infusions had to be 
stopped for varying periods of so that a 
constant protein and caloric intake became impossible 
and a negative nitrogen balance resulted. Yo toxic 





Casydrol and his plasma amino acid nitrogen level 
remained at approximately 4.9 mg.% except for a small 
temporary rise, in the sample of blood taken 3 hours 
after the commencement of the infusion, to 6.6 mg. %. 
The infusions were continued for 10 days drinr; which 
time approximately 88% of the amino acid nitrogen 
and 36% of the peptide nitrogen administered was 
metabolised. a negative nitrogen balance of 4.26 g. 
nitrogen was recorded over the period of the investi- 
-gation. It was not expected that this method of 
feeding would have any effect on the final result of 





The patients were selected male cases admitted 
to one of the general surgical wards of the Royal 
Infirmary, Edinburgh. The majority suffered from 
chronic duodenal ulcers. Tney were treated surgic- 
-ally by partial gastrectomy. Dnring their stay in 
hospital they were all under the special supervision 
of a surgeon who was responsible for the organisation 
in the ward, but who did not necessarily perform the 
operations. No special nursing arrangements were 
made for these patients. 
On admission, the patient was interviewed by 
a diett.tian, who arranged for a suitable high protein 
diet to be supplied from the diet kitchen. Any 
uneaten food was returned to the diet kitchen so that 
it might be weighed, and a record of the food actually 
consumed kept. After a day on the special diet, all 
specimens of urine (voided direct into a bottle kept 
by the patient's bedside), faeces, vomitus and gastri 
aspirations were collected for 24 hour periods and 
sent to the laboratory each morning for analysis. 
Food when required in the post -operative period was 
again supplied from the diet kitchen, anc',. the intake 
was gradually increased so that, in general, an 
intake / 
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intake of 80 g. protein and 2,000 calories had been 
reached in 6 days. 
Specimens of all intravenous fluids administered 
were taken for analysis, and the volume of fluid 
actually received by the patient was determined. 
Host Patients were given 2 pints blood, 800 ml. 0.9% 
saline, and 1200 ml. , glucose on the day of operation 
on the next day they received 800 ml. 0.9% saline 
and 800 ml. 5% glucose, and on the follolving day 400 
0.9,; saline and 400 ml.eió glucose. 
The blood loss at operation was estimated by 
determining the nitrogen content of the lost blood as 
described in the section on chemical procedure. The 
nitrogen content of the stomach resected was also 
estimated and recorded, but neither of these sources 
of nitrogen loss was included in the nitrogen balance 
calculations, nor was the nitrogen of the transfused 
blood included, as ics metabolism is still not clear- 
ly understood. 
Blood samples were taken by venepuncture as 
required. The number taken during the post- 
- operative period was largely conditioned by the 
patients' willingness to co- operate, so that it was 
impossible to adhere to any strict routine. Estimat- 




results recorded as if the faecal excretion of a 
particular day was associated with that day's intake. 
It is realised that this assumption is incorrect, 
b,it preliminary experiments with markers were unsatis- 
-factory and the spreading of values for faecal 
nitrogen over the whole r:eriod of the investigation 
seemed also undesirable, especially as the food in- 
-take was variable. 
When possible, the nitrogen balance studies were 
begun a week before operation, and continued for at 
least a fortnight after operation. A patient was 
considered to be in nitrogen ec:'lilibrium if a 
negative nitrogen balance of not more than 1 g. per 
day was recorded, since this was within the limits of 
probable experimental error. 
Daily records of the patients temperature, pulse 
and fluid intake were kept by the ward staff. The 
patients were weighed and measured on admission, and 
in the majority of cases were weighed daily during 
their stay in hospital, though in one of the wards, 
owing to lack of facilities, this was not practicable 
in -the immediate post- operative period. 
57. 
C1iriNG1,S IN NITïi.UGi,iv i'uLiLv ïNG 
SUtt I ri 11UiUi:li. 
The metabolic changes associated with trauma in 
fracture cases have been carefully studied by Cuthber 
-son (1932, 1936). He has shown that increased 
protein a atabolism occurs and that the resulting 
increased nitrogen excretion is due almost entirely t 
increases in urea nitrogen, while proportional 
increases in sulphur excretion are due mainly to 
increases in inorganic sulphur (Cuthbertson 1931). 
He could find no obvious relationship between the 
degre of trauma and the catabolic response. Howard 
(1944, 1945) obtained similar results in the United 
States when he showed that for 6 fracture cases the 
maximum negative nitrogen balance was obtained, on the 
7th day after the fracture, and that the average 
duration of the negative balance was 35.6 days on a 
constant intake of 11± 2 g. nitrogen and 4.,750 400 
calories. The total nitrogen loss was 220 g., 
which is equivalent to a loss of 15 lb. of muscle 
tissue. 
This catabolic response to injury has been 
studied after other types of trauma in which it has 
een shown to conform to a similar pattern. Studies 
of / 
58. 
of the "Adaptation Syndrome" of Selye (1946) and the 
"Yaladie Post -Operatoire" of Lambret (1937) suggest 
that the response is independent of the type of 
injury. 
Bri,nschwig (1942) carried out nitrogen balance 
studies on 41 patients subjected to various operation 
for the 10 days foliowinL; operation. He found no 
correlation between the age, sex, tyje of anaesthesia 
or the presence of absence of neoplasm, and the exten 
of the nitrogen loss, the major portion of which 
occurred during the first 5 post - operative days. 
Grossman et al. (1945) studied the changes in nitrogen 
metabolism following such acute infections as 
meningitis, pneumonia, scarlet fever and in upper 
respiratory infections, chronic osteomyelitis etc., 
and also following appendicectomy or herniorra hy 
and found that the severe nitrogen loss which occurre 
in all cases bore some relationship to the severity 
of the disease, but that they were very variable and 
frequently persisted after the symptoms had disappear 
-ed. Co Tui (1944) has reported that on a normal 
ward regime, 8 under nourished patients convalescing 
from a partial gastrectomy lost from 7 -12 g. nitrogen 
in the immediate post - operative period. Numerous 




from burns; these have been reviewed by Abbot (1946). 
Comprehensive reviews on the metabolic changes 
following injury have been written by Iiimsworth (194e), 
Cuthbertson (1942, 1944, 1948) and Eeattie (1947). 
That protein catabolism does result from any 
surgical procedure is now an accepted fact, but before 
considering the factors which may influence the extent 
of the tissue breakdown, it was necessary first of all 
to obtain as clear a picture as possible of exactly 
what did occur after one particular type of trauma, 
under as uniform conditions as possible. The 
operation of partial gastrectomy for chronic duodenal 
ricers was chosen for this investigation, and in the 
following section of this thesis the results of 
nitrogen balance studies on 7 such patients are 
discussed. 
It has been shown in rats that the amount of 
nitrogen loss after injury is dependent on the level 
of the protein intake during the pre -traumatic 
period (Cllthbertson et al. 1939, Munro and Chalmers 
1945). It was, therefore, considered advisable to 
give similar pre -operative protein intakes to all 
the patients for as long a period as possible. The 
value of high protein diets for surgical patients is 
now / 
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now generally accepted and soy intakes of some 90 g. 
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CvNTIi01, OF PA`l'I NTS Oh 'r4Hï)1:, THE 
rU'trtió ' . 
Case No. 14 (J.I+iI.cN.) Aged 
Diagnosis 
Operation 
35; occupation, tram- 
driver. 
- chronic duodenal ulcer. 
- partial gastrectomy. 
This patient was admitted 5 days before his 
operation and given a diet of 104 g. protein and 
2,578 calories, on which he maintained a slight 
ositive nitrogen balance. At operation he received 
transfusion of 910 ml. blood, which just replaced 
is blood loss. No food was taken on the day follow - 
- ing operation, but after that his intake was graduall 
uilt ups so tiat on the 7th clay it consisted of aO g. 
rotein and 1,993 calories and he was in positive 
itrogen balance. A net negative nitrogen balance 
of 97.96 g. nitrogen was recorded for the 6 days 
following the operation, and maximum nitrogen loss 
occurred on the 4th day, when the urine nitrogen rose 
o 25.18 g. nitrogen. He was discharged 14 days afte 
is operation, having lost cons1.:erab1e\weight. 
(W.A.L.) Aged 65; occupation, fisherman. 
Diagnosis - chronic duodenal ulcer 
Operation - partial gastrectomy. 
After only 4 days in hospital the operation was 
performed and the next day feeding was begun and his 
intake gradually increased to 60 g. protein and 
1,685 calories in 6 days. The blood transfusions 
given at operation more than replaced the blood loss. 
His food intake remained at the sane level for 6 days, 
during which time an average negative nitrogen balance 
of 5.1 g. nitrogen per day was recorded. It was not 
until 11 days after the operation when the daily in- 
- take rose to 70 g. protein, that positive nitrogen 
balance was obtained. The maximum nitrogen loss of 
17.26 g. nitrogen occurred on the first post - operativ 
day as the result of a loss of 13 g. nitrogen in the 
urine, .nd 4.26 g. nitrogen in the gastric aspiration 
62. 
At no time did the rive nitrogen rise above 16.19 g. 
nitrogen (4th day) and it remained at a fairly 
constant level throughout, the period of the investi- 
-gation. He lost 9 lb. in weight. 
Case No. 1. (W.L.) Aged 33; occupation, miner. 
Diagnosis - chronic duodenal 
ulcer. 
Operation - partial gastrectomy. 
After 4 days on an intake of 81 g. protein and 
2,305 calories operation was performed on this ,Uatien 
nano received an adequate blood transfusion. Feeding 
was begun the next day, and on the 6th day his intake 
was up to 67 g. protein and 1,357 calories; he was 
then in positive nitrogen balance. His urine 
nitrogen excretion never rose above 12.36 g. nitrogen 
on the 3rd day, and on the whole remained remarkably 
constant. His net negative nitrogen balance for the 
first 6 post-operative days was only 38.99 g. niroge 
despite his body temperature being raised to 100 F. 
during that period. There was thus little evidence 
of a catabolic phase having occurred. His intake on 
discharge had not risen above 75 g. protein and 2,000 
calories so that he was only just in nitrogen 
equilibrium. He lost 10 lb. in weight in 14 days, 
which was unexpected in view of his small nitrogen 
loss. 
(w.P.) Aged 41; occupation, rope worker. 
Diagnosis - chronic dl-odenal ulcer. 
Operation - partial gastrectomy. 
The blood transfusion given to this patient at 
operation was not sufficient to replace the blood 
lost. A maximum urine excretion of 21.2 g. nitrogen 
was recorded on the day after the operation. The 
urine for the next day was unfortunately lost so that 
it was not i.ossible to deter line the net nitrogen 
losses. Feeding was begun on the day after operation 
and in 5 days an intake of 87 g. protein and 1,911 
calories had been obtained, and by the 6th day, the 
patient was almost in nitrogen equilibrium. 
Three days later a second catabolic phase 
occurred as a result of a septic thrombosis of the 
patient's leg. In addition to the increased urea 
nitrogen / 
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nitrogen excretion there was an increase in the amount 
of urine amino acid nitrogen excreted, although the 
peptide nitrogen remained unchanged. After 4 days 
the condition of the leg had improved and the patient 
was once again in nitrogen equilibrium. He was 
discharged. 20 days after his operation: 
çaseLo. 18 (T.B.) Aged 36; occupation, - 
Diagnosis - chronic duodenal 
ulcer. 
Operation - partial gastrectomy 
Operation was performed on this patient after he 
had received a diet of 105 g. protein and 2,570 
calories for 7 days and had remained in nitrogen 
equilibrium. A blood transfusion of 2 pints of bloo 
was not quite sufficient to replace his blood loss. 
The next day he was given an infusion of 620 ml. 
Casydrol. Owing to a reaction, probably due to the 
infusion being given at too fast a rate, this infusion 
was discontinued end 2 days later oral feeding was 
commenced. By the 9th day after operation his diet 
only supplied 60 g. ,rgtein and 1,675 calories so 
that the patient was barely in nitrogen equilibrium. 
His maximum urine nitrogen excretion of 19.43 g. 
nitrogen occurred on the 3rd day after operation 
and the net negative nitrogen balance for the 6 days 
was 92.44 g. nitrogen. 
CaseTQ.._1 (J.T.) Aged 35; occupation, linoleum 
worker. 
Diagnosis - chronic duodenal 
ulcer. 
Operation - partial gastrectom 
After a week in nospital on an intake of 70 g. 
protein and 1,800 calories which maintained nitrogen 
equilibrium, the operation was performed. No food 
was given until the 3rd day after operation. A 
positive nitrogen balance was recorded for the 6th 
day on an intake of 67 g. protein and 1,838 calories. 
A maximum urine excretion of 17.02 g. nitrogen 
occurred on the day after operation, and a net negati 
balance of 57.11 g. nitrogen was recorded for the fir 
six days after operation. He only lost 3 lb. in 
weight. 














































































































































































































































































































































































































































































































Case No. 20 (A.B.) Aged 32; occupation, process 
worker. 
Diagnosis - duodenal ulcer. 
Operation - partial gastrecto 
An average positive nitrogen balance of 6.05 g. 
nitrogen was observed for 4 days with this patient, 
who was receiving an intake of 116 g. protein and 
2,832 calories. His blood requirements at operation 
were adequately met by the transfusion of 1 pint of 
blood. Oral feeding was begun on the 3rd dray after 
operation, and by the 6th day his intake had risen 
to 65 g. protein end 1,599 calories, and he was almos 
in nitrogen equilibrium. His maximum urine nitrogen 
excretion of 16.02 g. nitrogen was on the day after 
operation. His net nitrogen loss of 73.46 g. nitroge 
occurred during the first 6 post - operative days. 
(Table 5). 
The results of nitrogen balance studies made on 
7 cases on whom partial gastrectomy was performed 
are s "mmarised in Table 5. The day on which the 
maximum urine nitrogen excretion was recorded varied 
for the different patients. The results suggest 
that it is im:ossible to obtain nitrogen equilibrium 
in these patients after operation until an intake of 
at least 65 g. protein and approximately 2,000 
calories has beer_. attained. The fact that nitrogen 
losses after operation are in part due to a period of 
limited food intake has been emphasised by many 
workers including Brunschwig (1942), Elman (1944), 
Riegal (1945, 1947) and Werner (1947). The 
variations in the total negative nitrogen balances 
recorded / 
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recorded indicate that feedinE, is not the only factor 
involved, though it is a limiting factor as can be 
,seen by considering the following case:- 
Case Teo. 21 (J.K.) Aged 60. Diagnosis - chronic 
duodenal ulcer. 
Operation - vagotomy. 
Vagotomy was performed on this patient after 8 
days on a diet of 90 g. protein and 2,500 calories. 
For the first two days after operation he received no 
protein food, and afterwards his diet was very slowly 
built up so that on the 11th day an intake of only 
28 g. protein and 524 calories was recorded, and this 
involved a negative nitrogen balance of 3.87 g. 
nitrogen. His urine nitrogen excretion was raised 
above starvation level of 10 g. per day (Benedict 
1915) for the first 4 days after operation, but after- 
-wands remained between 10 and 12 g. nitrogen a day 
so that he lost a total of 117 g. nitrogen in 11 days. 
This nitrogen loss was therefore due almost entirely 
to lack of food and only a small part could have 
resulted from the trauma of operation. 
66. 
VIT.LLuGE;:v anï,tiNCE '3T JDIE6 Iïy FOutt 
áuriiiCdL 
(Other than Partial Gastreçtomv) 
In addition to the cases of patients with partial 
gastrectomy, the following flaiscellaneous surgical case 
have been included as further illustrations of the 
effect of a surgical trauma on the nitrogen egnilibriu 
of patients. 
If 
Case Yo. s2 (J.3.) Aged 62; occupation, fruit 
merchant. 
Operation - subtrochanteric 
osteotomy >of R. h 
with immediate immobilisation of k. low 
limb in plaster. 
The patient was given a diet of 83 g. protein an 
1,940 calories for a week prior to his operation, 
after which his food intake was gradually increased, 
so that by the 6th post- operative day he was once aga'n 
in nitrogen equilibrium on an intake of 68 g. protein 
and 1,530 calories. No marked rise in urine nitroge 
excretion after operation was, however, observed. 
Case No. 23 (A.r.) Aged 17; occupation, brewery 
labourer. 
Operation - bilateral spinal fusion 
with grafts from tibiae. 
Metabolic studies were made on this patient for 
10 days prior to operation when his daily food intake 
varied from 24 to 89 g. protein and 680 to 2,119 
calories. After operation no immediate rise in urine 
nitrogen excretion was observed and except for the 
first two days, when his food intake was diminished, 
he appeared to be in nitrogen equilibrium. There wa 
no evidence of a nitrogen catabolic phase having 
occurred. 
Browne et al. (1945)have shown thdt debilitated 
patients / 
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patients do not respond in a normal manner to trauma. 
It seems probable that this patient, who was in a 
poor nutritional state, had no nitrogen reserves 
available for a catabolic reaction. This may also 
be the reason for the small nitrogen loss of Case 
No. 16. 
at _:a, (D.H.) :aged 36; occupation, motor,_ engine 
Diagnosis - hypertension. 
Operation - bilateral splanch- 
necectomy. 
This patient received a diet of 90 g. protein 
and 2,500 calories for 8 days. The first part of 
the proposed operation of bilateral splanceceétomy 
was then performed. A slight rise in urine nitrogen 
excretion was observed on the next day, after which 
it remained at a fairly constant level, so that 
despite an intake of 90 g. protein and 2,000 calories 
having been attained by the 8th day, he was in 
negative nitrogen balance for 10 days. There was, 
therefore, evidence that the patient had responded to 
trauma caused by the operation in a normal manner 
and it was wondered ahethr the second part of the 
operation won1d elicit a second catabolic phase. 
Unfortunately, however, the patient died on the 
theatre table. 






R. Lumbar sympathecto 
This patient maintained a slight positive 
nitrogen balance of 2.72 g. nitrogen per day for 9 
days on an intake of 91 g. protein and 2,542 calories 
for 9 days prior to his operation. No increased 
urine nitrogen excretion was observed after the 
operation, and the small negative nitrogen balances 
recorded for the 4 days after operation, when the 
daily protein intakes were 3, 6, 11 and 35 g. protein 
respectively, were never greater than 9 g. nitrogen a 





after operation whre only 22.54 g. nitrogen. He did, 
however, lose 6 lb. in weight. Unlike the other 
cases previously described he was able to maintain 
nitrogen equilibrium on an intake of 52 g. protein 
and 1,662 calories 4 days after his operation. This 
may be due to the fact that sympathectomy is a less 
severe operation than that of partial gastrectomy, 
as there was no reason to s "ppose that the patient wa 
in a debilitated state. 
69. 
l'T111"tUlrLl'' 1.liLtl.ú ìlVi1LJ 1 VIJLUIVlIiilí 
aUbJlECT6 üIV' POST G.Aá'l'rv:X'l'Ia 
lllLl'S . 
In an endeavour to determine to what extent the 
post -operative period of negative nitrogen balance is 
due to semi -starvation, it was decided that some usefii. 
Information might be obtained by giving a post - 
Eastrectomy diet to normal individuals, and observing 
chat effect it had on their nitrogen balance. 
A preli unary investigation was carried out on 
the following patient. 
Tvo.ÿi (R.S.) Aged 20; occupation, soldier. 
Diagnosis - lateral popliteal 
nerve lesion. 
This r.atient was in hospital with his leg 
immobilised in plaster on account of a nerve lesion 
Ís »stained 8 months previously. Preliminary studies 
s.lowed that he was in nitrogen equilibrium and 
therefore a suitable subject for these investigations. 
After taking a diet of 96 g. protein and 2,b69 calorie 
lfor 4 days, he was given in addition 160 g. Fronutrin 
la day and 2 days later the protein intake was increased 
to 118 g. protein and his total caloric intake to 
3,426 calories. On such a diet he maintained an 
Ìaverage positive balance of 6.5 g. nitrogen per day. 
For 1 day his diet was prepared to contain the 
eo "ivalent in nitrogen fat and carbohydrate of 2 pints 
of blood in order to imitate the feeding conditions 
of a gastrectomy patient on the day of operation. 
At that time it was not appreciated that the metabolism 
of blood given intravenously is unlikely to be the 
same as that of food given by mouth, and also that in 
most instances the blood only replaces that lost at 
operation. He was then given a diet resembling as 
far as possible in protein and caloric content that 
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allowance being made for the usual intravenous 
infusions of glucose. At the reQuest of the patient 
his intake after 3 days of semi- starvation was 
increased a little more rapidly than had been origin- 
-ally intended. Six days after the so- called 
"operation" day he was receiving 80 g. protein and 
1,973 calories from his food, and was again in 
positive nitrogen balance. In these 6 days he had a 
total negative nitrogen balance of 43.83 g. nitrogen. 
His urine nitrogen dropped rapidly from an average of 
29.57 g. nitrogen to 17.7 g. nitrogen on the day after 
"operation" and thereafter remained fairly constant 
at about 11 g. nitrogen per day despite changes in 
the actual protein and caloric intake. 
This investigation was then repeated with three 
volunteer medical students, all aged 20 years old. 
(R.R.), 2aA (D.P.), 29A (L .P:. ) . 
These students were admitted to a small ward for 
three weeks. For tile first week they received a hig 
protein diet of 91 g. protein and 2,502 calories and 
continued with light duties as ward clerks. During 
this control period two of the students (D.P. and L.P::.) 
were in slight negative nitrogen balance, due probabl 
to their normal caloric intake of some 3,000 - 3,500 
calories being lowered on admission to hospital. Th- 
students were then confined to bed for 5 days and 
their intake cut to one of 10 g. protein and 580 
calories in 'imitàtiòn of a post -operative partial 
gastrectomy diet. i'lie first day on this diet was 
considered to be the day of"pperation" but no allowanes 
were made for any blood transfused or blood lost for 
reasons previously stated. The diet was gradually 
increased so that 6 days after the "operation" day 
they were back on their original diet of 91 g. protein 
and 2,502 calories and again all in positive nitrogen 
balance. Their net nitrogen losses during this 
period had been 46.81 g. (D.P.), 44.08 g.: (L.L .) and 
37.97 g. (R.R.) nitrogen. 
A summary of the results obtained from these 












































































































































































































































































































































































































































































Despite considerable differences in the physical 
make -up of the four volunteers, very similar results 
were obtained in all 4 cases. The net negative 
nitrogen balances for the 6 days following the so- 
- called "operation" averaged 43.17 g. nitrogen and 
only ranged from 37.97 to 46.81 g. nitrogen, whereas, 
in the results obtained from the partial gastrectomy 
patients, considerable variation was encountered. 
The period of negative nitrogen balance lasted in all 
cases for 6 days, and a positive nitrogen balance was 
not obtained with an intake of 60 g. protein and 
1,505 calories, but was obtained on raising the intak 
to 91 L. protein and 2,502 calories with the students 
and 80 g. 1.rotein and 1,973 calories with Case No. 26 
The results did not al pear to b_e affected by the 
previous protein and caloric intake. 
Benedict (1915) in his study of a starving man 
has shown that for the first 15 days of starvation 
the urine nitrogen excretion after the first day 
remains fairly constant at about 10 g. nitrogen per 
day. It was interesting, therefore, to find that 
in these studies during the semi -starvation period 
the urine nitrogen levels did not usually fall below 
10 g. nitrogen a day. 
These investigations have confirmed previous 
impressions / 
72. 
impressions gained that, with the dietary regime 
usually prescribed, post- gastrectomy patients will 
of necessity undergo a period of negative nitrogen 
balance for at least 6 days after operation. These 
patients >ill then only be able to maintain nitrogen 
equilibri'ini if their intake is over 65 g. protein 
per day. For patients on whom the operation of 
partial gastrectomy has been performed, a net negativ 
nitrogen balance of over 50 g. nitrogen, and a urine 
nitrogen excretion of over 12 g. nitrogen per day 
during the period of low l;ro tein and caloric intake, 
are probably indicative of the patients' ability to 
respond to surgical trauma in a normal manner with a 
catabolic phase. 
The Effect of Raising the Carbohydrate Content of 
a post=aastrgçtomy digI on Nitrogen S,4etabolism. 
The protein sparing properties of carbohydrates 
have already been discussed in the first section of 
this thesis and are well -known. "ïith this 
information in mind, the studies described above were 
repeated three months later with the same changes in 
protein intake, but with the caloric intake maintaine 
at a constant level of 2,500 calories by the drinking 
of large quantities of fruit drinks during the period 
of / 
73. 
of semi -starvation. Lactose was chosen as the carbo- 
-hydrate as it is relatively cheap (one shilling and 
sixpence per lb.) and not so nauseating as glucose or 
sucrose when taken in large quantities. The nitrogen 
ntake was gradually increased after the so- called 
"operAion" as in the previous experiment. In 
onnection with other work to be discussed later the 
alt intake was kept at a constant level. Two of the 
hree volunteers had taken part in the previous 
nvestigation. 
2aa aa (L.P.. ), L2 (A._' 
From the summary of the Table 6 it 
ill be seen that the maintenance of a caloric intake 
f 2,500 calories resulted in the period of negative 
itrogen balance being shortened from 6 to 5 days and 
positive nitrogen balance being obtained with an 
ntake of 60 g. protein per day compared with 90 g 
rotein in the previous experiment. A reduction in 
he average net nitrogen loss from 44 .17 g. nitrogen 
22.45 g. nitrogen was observed. In the first 
eries the urine nitrogen excretion did not fall below 
O g. nitrogen per day, while in the second series it 
ell to about 5 g. nitrogen per day during the period 
f low nitrogen intake. Despite the high carbohydrat 
intake / 
74. 
intake no glucose was detected in any of the urine 
specimens passed. 
These experiments have provided further evidence 
of the value of a high caloric diet to persons on low 
protein intakes. In practice, however, it is 
difficult to give patients such large quantities of 
carbohydrate as those tolerated by the medical 
students. The enormous volume of fluid needed to 
give the carbohydrate intravenously makes this 
method of administration impossible. The other 
alternative would be to give the Lactose (or glucose) 
by intubation direct into the jejunum, but if this 
method of feeding was to be adopted it would obvious 
be advisable to give some form of protein food at 
the same time and not just carbohydrate. 
75. 
THE US OF PROï`TUTRIIti IN SutiGIC1iL 
Oral protein hydrolysate preparations have 
theoretically two possible uses for the surgical 
patient: firstly, as the means of increasing the pre- 
-operative protein intake so that the patient is in 
a good nutritional state to withstand the operation; 
secondly, as an easily digested food which can be 
given to the patient in the immediate post -operative 
period, and can be continued until nLdrmal food can be 
taken in adequate amounts. The effect of semi- 
-starvation the balance of gastrectomy 
patients has already been discussed and it was decid- 
ed to see if the post- operative negative balance 
could be abolished, at least in part, by adequate 
feeding. 
Co Ti et al. (1944) claimed that by the 
administration of Amigen (containing 24 -37 g. 
nitrogen) and dextrose (sufficient to give 50 
calories per kg. body weight) they had maintained 
positive nitrogen balances in their patients after 
gastrectomy. These patients recovered more quickly 
than did those of a control series given the normal ¡ 
ward diet, and they gained weight. It was not 
however / 
76. 
however possible to correlate the gains in weight 
with the amount of nitrogen retention. In contrast, 
IIo,sard (1944, 2) in his strdy of the infinence of 
diet on post -traumatic nitrogen deficiencies,reported 
that two similarly built patients, on whom identical 
operations were performed, shoed identical net 
nitrogen losses, though one of the patients was fed 
by intubation with Amigen and the other was fed merely 
according to appetite. The excess nitrogen 
administered was excreted in the urine. 
Of the following 5 cases, 1 was given Pronutrin 
9 days after operation when he was in nitrogen 
equilibrium, to see if it world enable him to put on 
weight more rapidly. The other 4 were given 
Pronutrin supplementation to a high protein pre- 
-operative diet, and of these 2 received Pronutrin 
in the post- operative period. A nasal tube was 
passed into the duodenum at operation and adminiítrat- 
-ion of a solution of 100 g. Fronutrin and í98_g. 
glucose in 800 ml. water was cómm n.ced a few hours 
afterwards. It was intended to begin normal feeding 
as soon as possible so that the giving of the 
Pronutrin and glucose could gradually be curtailed 
and a constant nitrogen and caloric intake could be 
maintained. 
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Case No. 31 (W.L cE.) Aged 45; occupation, Commercial 
traveller. 
Diagnosis - Chronic duodenal ulcer. 
Operation - partial gastrectomy. 
This patient, who had an active tuberculous 
lesion of the right apex of the lung, was admitted to 
hosiital for a fortnight prior to his operation, and 
was given a diet of 119 g. ,rotein and 2,348 calories 
on which he maintained an average positive nitrogen 
balance of 3.28 g. per day and gained 2 lb. in weight. 
After operation he was given the routine post - 
gastrectomy diet and for 6 days was in negative 
nitrogen balance with a net total loss of 71.25 g. 
nitrogen. He reached nitrogen equilibrium on an 
intake of 93 g. protein and 1,849 calories. His 
normal diet was then supplemented with 160 g. 
Pronutrin per day, and an average positive nitrogen 
balance of 8.7 g. per day resulted, although no 
increase in weight was recorded. The patient was 
unable to tolerate the Pronutrin for a longer period 
than 5 days, so it was discontinued. He was in 
nitrogen equilibrium during the next 7 days but lost 
another pound in weight, making a total loss of 9 lb. 
in the post -operative period. 





- chronic duodenal ulcer. 
- partial gastrectomy. 
This patient received for 7 days before his 
operation 160 g. Pronutrin in addition to a diet 
containing 129 g. protein,and his caloric intake was 
3,328 calories. Despite daily stomach :.aspirations 
he retained an average of 12.65 g. nitrogen per day. 
His negative nitrogen balance during the 6 days after 
operation amounted to a total of 86.76 nitrogen. 
He was in nitrogen equilibrium on the 6th day on an 
intake of 97 g. protein and 1,573 calories. 
Case No. 33 (T.M.) Aged 40; Diagnosis - chronic 
duodenal ulcer. 
Operation - partial gastrectomy1 
This patient maintained an average positive 
nitrogen balance of 12.69 g. per day on a daily intake 
of 126 g. protein, 160 g. Pronutrin and a total of 
3,330 calories. After operation he was in negative 
nitrogen / 
78. 
nitrogen balance for 6 days, and a net loss of 45.51 g. 
nitrogen was recorded, which is considerably lower 
than the average figure of 70.7 g. nitrogen found in 
the control series of patients. The high positive 
nitrogen balances obtained before operation make it 
improbable that the catabolic response was limited by 
available nitrogen stores as he was not poorly 
nourished, so that some other explanation is needed. 
After operation he required an intake of 99 g. protein. 
and 2,445 calories to attain nitrogen equilibrium. 
Attempts were made to supplement this diet with 
Pronutrin, but after 2 days the patient refused to 
take it. 
Case No. 34 (W.F.) Aged 41; occupation - undertaker4 
Diagnosis - stomal ulcer. 
Operation - partial gastrectomy. 
A diet of 137 g. protein, 160 g. Pronutrin and a 
total of 3,382 calories was taken by this patient for 
7 days before operation. An average nitr=ogen 
retention of 11.59 g. per day was recorded during this 
period. 
On the day of operation and on the day following 
the patient was given Pronutrin and glucose solution 
(equivalent to 47 g. protein and 740 calories) by 
intubation. Analysis of the gastric aspirations 
showed that approximately 90% of the glucose and 
Pronutrin fed was absorbed. This method of feeding 
had, however, to be discontinued on account of con- 
-siderable discomfort being caused to the patient by 
increased gastric secretion resulting from the 
administration of the Pronutrin. The period of 
negative nitrogen balance lasted for 7 days, and 
nitrogen equilibrium was not attained until the 
patient's diet had been increased to contain 94 g. 
protein and 1,887 calories. A net negative nitrogen 
balance of 80.91 g. nitrogen for the 6 days following 
the operation was recorded. The patient lost a totat 
of 10 lb. in weight. 




worker in mines. 
chronic duodenal ulcer. 
partial gastrectomy. 
This patient was also given a pre -operative diet 

























































































































































































































































































































































































































































































Pronutrin for a week. This resulted in an average 
retention of 13.32 g. nitrogen per day. Feeding 
with Pronutrin and glucose solution by incubation 
was begun on the day of operation and continued the 
next day, so that daily intakes equivalent to 75 g. 
protein and 1,252 calories were achieved. As in 
the previous case, the administration of Pronutrin 
caused increased production of gastric secretions, 
far in excess of that normally encountered, so that 
it had to be stopped. On the day after operation 
approximately 55% of the glucose and Pronutrin 
administered was absorbed, the remainder being 
present in the 3,000 m1. suction fluid withdrawn; 
this relatively low absorption may h.ve been due to 
too frequent gastric aspirations. Gastric aspirat- 
ions on the 2nd day after operation produced ,4,250m. 
of fluid containing 9.93 g. chloride (as I\TaCl), while 
on the 3rd day 8,400 ml. of fluid containing 13.44 g. 
chloride (as NaC1) were obtained, and this despite nal 
more Pronutrin being given. 
Convalescence was com- ;licated by severe 
hiccoughs, which had to be relieved by a bilateral 
phrenic nerve crush, 3 days after partial gastrectomy. 
Infusions were given of blood and plasma and normal 
feeding was not recommenced until 4 days later. A 
second catabolic phase occurred and wit:1 an intake 
of 80 g. protein and 1,706 calories, nitrogen 
equilibrium is not re- established in the patient for 
a further 6 days. A total loss in weight of 9 lb. 
occurred during his stay in hospital. The complic- 
ation of the hiccoughs makes it impossible for this 
case to be compared with others as regards the 
length and extent of the period of negative nitrogen 
balance. 
All the jatients given Pronutrin supplements 
to their pre -,operative high protein diets were able 
to retain approximately 62% of this extra nitrogen. 
Their nitrogen losses after operation were, with the 
exception of Case No. 35, within the normal range 
encountered in the control series (Table 7), so that 
there was no evidence that the extra nitrogen was 
lost / 
80. 
lost from the body as the result of protein catabolis 
Post- operative weight losses ay- peared to be unaltered 
by this treatment, so that the regime had no obvious 
beneficial effect. None of the patients in this 
series was in a poor nutritional condition. 
As a means of increasing the patient's post- 
-operative food intake Pronutrin administration by 
intubation was not successful, since it acted as a 
stimulant to gastric secretion at a time when it is 
desirable to keep these secretions at a minimum. 
The presence of "free acid" was not, however, detect- 
ed in the as,irated fl id. 
n. 
81. 
t,41'l'c;1.+ ttù'l'1,' AULIINIQ`l'16tT1uN IN 
5Ui-tGICAL CrBi;. 
The classic work of Elman (1940) has shown that 
the protein requirements of man can normally be met by 
parenteral feeding with an enzymic hydrojsate of 
casein. Animal experiments have shown that this 
method of feeding is capable of causing the regenerat- 
ion of plasma :roteins (Madden et al. 1941, Brunschwig 
1942 and Elman et al. 1943, 1 and 2) and of synthesis - 
- ing tissue proteins (Ross and Elman 1948). Chemical 
analysis has proved that an enzymic hydrolysate of 
casein All provide adequate amounts of all the 
essential amino acids. 
The possibility of em ,toying this method of 
feeding for surgical patients, ,rho are unable to take 
adequate amounts of food by mouth, has been examined 
by several workers. Elman gave Amigen intravenously 
to surgical patients and found that although positive 
nitrogen balances ,sere not always attained, the 
patients appeared to benefit from this treatment. 
Mulholland (1943) and Co Tui et al. (1944) administer 
-ed xmigen and glucose to patients immediately after 
operation by both intubation and intravenous infusion, 
so that intakes of approximately 0.6g. nitrogen and 
50 calories per kg. of body weight per day were 
achieved. / 
82. 
acLieved. In this way they were able to obtain 
positive nitrogen balances directly after operation. 
Riegal (1945) found that after cranial and gastric 
operations daily intakes of at least 21 g. nitrogen 
and 2,100 calories were needed for nitrogen Eqi ilibriu 
in the immediate post- operative period. erner 
(1947), in a study of the protein requirements of 
surgical patients, gave a mixture of pure amino acids 
parenterally and found that intakes of 0.3 to 0.5 g, 
nitrogen per kg. body weight prevented part of the 
protein catabolism that normally occurs after operat- 
ion, and that in many instances as much as 20 to 28 , 
nitrogen together with 3,000 ml. 5ÿi glucose were 
necessary in order to maintain nitrogen equilibrium. 
Howard (1944,2) and Peters (1944) were unable to 
prevent negative nitrogen balances after operation by 
the giving of infusions of Amigen in amounts consider - 
-ably less than those quoted above, but containing 
more nitrogen than is normally needed for the healthy 
person. It is thus apparent that the patientsl 
requirements of nitrogen are considerably increased by 
operation, so that two to three times the normal 
amounts must be given if nitrogen equilibrium is to 
be obtained; this necessitates the administration of 
a minimum of 4,000 ml. Amigen per day and in addition 
carbohydrate / 
83. 
carbohydrate is needed to maintain an adequate caloric 
intake. -`,h.ether the administration of these large 
quantities of infusion fluids is to be desired is 
questionab --e . 
Co Tui states that the convalescence was shorten- 
ed in his patients by post -operative high protein 
feeding, and that the usual losses of weight did not 
occur. Mayock (1946) by means of ballistocardiogram 
aid pulse rate and blood pressure determinations, has 
shown that extra feeding after operation improves the 
circulation. Cole et al. (1947) demonstrated that 
in cases of herniorraphy and cholecystectomy high 
protein feeding prevented impaired liver function 
following operation. On the other hand, Bigham et 
al. (1947), in reviewing the indications for 
intravenous alimentation, consider that 18 g. nitroge 
and 2,400 calories are the maximum amounts that can 
safely be given intravenously and that large volumes 
and very hypertonic solutions should be avoided. 
Elman (1949) recommends that, as a routine measure 
after operation, 6,000 ml. 2,migen, containing 100 g. 
of both Arnigen and carbohydrate, should be given. 
This will meet the minimum daily nutritional 
requirements in the average patient, apart from 
vitamins, although nitrogen balance will not 




Administration of the large quantities of 
protein hydrolysate solution advocated by. Co Tui and 
others was not considered desirable and so in the 
following cases to be described, it was aimed at 
giving the patients a minimum of 2,700 ml. Casydrol, 
i.e. 17.61 g. nitrogen and 984 calories for each of 
4 to 5 days after operation and at the same time in- 
-creasing their ordinary diet, so that their total 
intake was maintained at as high a level as possible 
and variations were minimal. The Casydrol infusions 
were given at the rate of 500 ml. in to 3 hours, 
and in addition the patients received infusions of 
0.9% saline. It was not expected that the infusions 
would prevent the occurrence of a negative nitrogen 
balance, but it was anticipated that the nitrogen 
losses be less than those usually encountered 
after the operation of partial gastrectomy. 
nalysis of the urine of 4 gastrectomy 
patients (Cases Nos. 17, 42, 44, and 45), one 
splanchnecectomy patient (Case No. 24) and of 3 of 
the volunteers taking post -gastrectomy diets (Cases 
Nos. 27, 28A and 29A) has shown that the total daily 
amino acid nitrogen excretion is a fairly constant 
value for a particular indi.vidlial. It does not 
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85. 
diet or by operation, though in one instance (Case No. 
17) the daily excretion was considerably raised when 
the patient developed phlebitis. In the calculation 
of the proportion of Casydrol infused which had been 
metabolised by the patient, an average figure for the 
pre -operative amino acid and peptide nitrogen excreti n 
was obtained, and it was assumed that similar amounts 
would be excreted after operation. Any excesses 
over these amounts were considered to have resulted 
from unmetabolised Casydrol which had been "spilt" 
into the urine. For the purpose of these calculations 
it was also assumed that all the unmetabolised 
Casydrol had been excreted 24 hours after the infusion 
had stopped. The results given may, therefore, tend 
to be on the high side. 
Case No. 36 (F.N.) Aged 38; occupation, joiner. 
Diagnosis - chronic duodenal ulce 
Operation - partial gastrectomy. 
After 6 days in hospital on a diet of 144 g. 
protein and 2,758 calories, which resulted in a 
retention of an average of 6.11 g. nitrogen per day, 
operation was performed on this patient. For 5 days 
after.vards he was given infusions of Casydrol. The 
amounts given varied from day to day (Appendix ) 
as the infusions had to be stopped several times, 
and the veins changed on account of thrombosis. 
An average of 2,046 ml. per day was achieved for 5 
days and in addition oral feeding was begun. The 
Casydrol infusions supplied a daily average of 13.42 
nitrogen (6.75 g. amino acid nitrogen and 3.27 g. 
peptide nitrogen) and 816 calories. Urine analysis 
showed that approximately 60% of the amino acid 
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infused was metabolised. No urine amino acid and 
peptide nitrogen determinations had been carried out 
prior to operation, so that average figures had to be 
assumed for the calculation. No reactions from the 
infusions were observed, though the patient remained 
febrile for 12 days. 
The negative nitrogen balance for the first 6 
days after operation totalled 78.96 g. nitrogen. 
Convalescence was retarded by phlebitis and a leg 
abscess had to be drained on the 12th day. This no 
doubt was partly responsible for nitrogen equilibrium 
not being attained on an intake of 68 g. protein and 
1,995 calories so that it was not until 17 days after 
partial gastrectomy had been performed that a positiv 
nitrogen balance was recorded. He lost 9 lb. in 
weight as the result of the operation. 
easg...No . 37. (T.R.) Aged 26; 
Diagnosis 
Operation 
occupation, sewing - 
machine mechanic. 
- chr oni c duodenal ulce 
- partial gastrectomy. 
This patient was given Casydrol infusions for 4 
days after operation (Appendix) He received 
an average of 2,805 ml. Casydrol on each of these 
days, which gave him a daily intake of 18.4 g. 
nitrogen (9.37 g. amino acid nitrogen and 4.49 g. 
peptide nitrogen) and 1,024 calories in addition to 
small amounts of food taken by month. Of the 
nitrogen given parenterally, approximately 74% of the 
amino nitrogen and 24% of the peptide nitrogen was 
metabolised. A net negative nitrogen balance of 
72.39 g. nitrogen was observed for the 6 days after 
operation, and it was not until 11 days after 
operation that a positive nitrogen balance was first 
recorded, when the patient's intake had risen from 
65 g. protein and 1,654 calories on the 7th day to 
84 g. protein and 2,020 calories. 
One rigor occurred during the infusions, but the 
patient did not complain of nausea and there was no 
resp.lting anorexia when the infusions were stopped. 
A loss in weight of 7 lb. was observed. 
ease No. 38 / 
87. 
LaLe NQ...$ (J.B.) Aged 35; occupation, pig manager. 
Diagnosis - chronic duodenal ulce' 
Operation - p. °tial gastrectomy. 
This patient retained an average of 3.96 g. 
nitrogen per day for 5 days before his operation. 
On the day after operation Casydrol infusions were 
begun, but unfortunately phlebitis developed and 
severe rigors occurred on t ,e 3rd and 4th days so 
that the infusions wer _ stopped after only 7,020 ml. 
Casydrol had been given, containing a total of 46 g. 
nitrogen (23.16 g. amino acid nitrogen and 11.23 g. 
peptide nitrogen) (Appendix ). 67% of the 
amino acid nitrogen and 26 of the peptide nitrogen 
infused was metabolised. Cessation of the infusions 
resulted in the patient immediately becoming afebrile. 
During the six days after operation this patient 
had a net negative nitrogen balance of 80.58 g. 
nitrogen. Oral feeding was started 2 days after 
operation so that on the 6th day he was taking a diet 
of 70 g. protein and 1,595 calories. He was not, 
however, in nitrogen equilibrium until the 10th day 
when his diet had been irc reased to one of 81 g. 
protein and 2,080 calories. He lost 12 lb..in 
weight as the result of the operation. 
Case No. 39 (J.F.) Aged 42; occupation, - 
Diagnosis - Chronic duodenal ulcer. 
Operation - partial gastrectomy. 
On the daily intake of 114 g. protein and 
2,034 calories, the patient retained an average of 
3.84 g. nitrogen per day. After operation, 
Casydrol infusions averaging 2,545 ml. per day 
provided the patient with 14.38 g. nitrogen (8.4 g. 
amino acid nitrogen and 3.97 g. peptide nitrogen) 
and 868 calories for each of the 4 days. On the 
5th day the patient only received 540 ml. Casydrol 
and the infusions were then stopped. Of the 
Casydrol administered it was calculated that 
approximately 60; of the amino acid nitrogen had bee 
metabolised. 
On the 5th and 6th days the patient's nitrogen 
and caloric intake dropped considerably, but by the 
9th day he was taking a diet of 114 g. protein and 



















































































































































































































































































































































































































































































































































































































































He only lost 4i lb. in weight. 
(Table 8) . 
The results obtained from the nitrogen balance 
studies made on 4 patients receiving Casydrol infusions 
after partial gastrectomy are summarised in Table 3. 
They do not suggest that the patients have benefitted 
from these infusions. An average of 65% of the 
amino acid nitrogen and 25% of the pel,tide nitrogen 
appears to have been metabolised. The fate of that 
part of the infused nitrogen, which is neither amino 
acid nor peptide nitrogen, is unknown, so that these 
figures indicate that a minimum of 39% of the total 
nitrogen given has been metabolised. A considerable 
amount of the nitrogen given has thus been wasted. 
Confirmation of this fact can be found by examining 
the daily total urine nitrogen figures of these 
patients which are considerably higher than those 
found in the control studies during the catabolic 
phase. 
In spite of apparent increased nitrogen intakes 
during the first 6 days after operation, the net 
negative nitrogen balances for tuiis period were 
slightly higher than those found in patients receiv- 
ing normal ward feeding, so that even the nitrogen 
from the Casydrol, which had been metabolised, does 
not / 
89. 
not appear to have been utilised. 
The Casydrol infusions tended to cause anorexia 
so that oral feeding was sometides started later than 
in the control patients and consequently, adequate 
nitrogen and caloric intakes for nitrogen equilibrium 
ere only slowly attained. It was observed that 
igher levels of protein intake were needed for 
itrogen ecu_ilibrium than would be normally expected. 
All the patients receiving Casydrol were febrile 
during the period of the infusions and in some instanc s 
rigors were recorded. A rise in body temperature is, 
owever, a cone .ion occurrence after operation and per 
e is not considered to be responsible for protein 
atabolism. (Graham and Poulton 1912). The low 
tilisation of the Casydrol cannot, therefore, be 
-xplain,d by mere rises in the body temperature of the 
atients. 
The occurrence of phlebitis, considered by the 
linicians to be due probably to the glucose present 
n the Casydrol solution, may well have been partly 
esponsible for prolonging the catabolic phase; but 
more probable factor to be considered is that of the 
inadequate caloric supply of the infusions which would 




hydrolysate being used for energy purposes. Elman 
(1944 4945) has shown that in a restricted diet 
priority should be given to protein over caloric 
needs, since small amounts of glucose permit adeclu.at 
utilisation of protein and for short periods the res 
of the caloric needs can be supplied by the tissue 
fat. For this reason, since supplementary feeding 
by intubation had to be avoided, no glucose infusion 
were given and the caloric intakes were limited by 
the amounts of Amigen that could be infused. 
There is also the possibility that the low 
utilisation of the Casydrol may be due to some defec 
in its preparation which does not appear in the 
American protein hydrolysate preparations. It was 
to test this supposition that the nitrogen balance 
studies were repeated in the following case, and 
Amigen infusions were given in lie' of Casydrol. 
AmiQen. 
Amigen is an enzymic digest of casein 
manufactured by Mead and Johnson & Co., Indiana, 
and supplied as a fine powder. For these studies 
the Amigen was dissolved in 5% glucose to give a 
5% solution and then immediately autoclaved in order 
to maintain sterility. This solution had a pH of 
5.26 and the following composition: - 
g . /100ml . / 
91. 
g./100m1. 
Total Nitrogen 0.652 
-unino Acid Nitrogen 0.420 
Peptide Nitrogen 0.140 
Chloride 0.850 
Sodium 0.855 
It therefore contained relatively riore of the 
nitrogen in amino acid form than did the Casydrol, 
a 100m1. of contained 0.656 g. total nitrogen, 
0.33 g. amino acid nitrogen and 0.16 g. peptide 
nitrogen. 
çesZ, (R.K.) Aged 39; occupation, miner. 
Diagnosis - chronic duodenal race'. 
Operation - partial gastrectomy. 
This patient was in nitrogen equilibrium prior 
to his operation. On the day after operation 
Amigen infusions were begun (Appendix ) and for 4 
days the patient received an average of 1,605 ml. 
Amien per day, weich supplied him with 10.46 g. 
nitrogen (6.74 g. amino acid nitrogen and 2.25 g. 
peptide nitrogen) and 582 calories. Oral feeding 
was began on the 3rd day after operation and was 
increased so that the patient's protein intake 
never fell below 57 g. protein per day. Nitrogen 
equilibrium was thus possible by the 6th day, on an 
intake of 93 I;rotein and 2,112 calories. The net 
nitrogen losses for the first six post- operative 
days were only 51.06 g. nitrogen. Of the nitrogen 
administered, approximately 90% of the amino acid 
nitrogen and 47% of the .peptide nitrogen was 
metabolised, i.e. a minimum of 68% of the total 
nitrogen of the Amigen had been metabolised. As 
with' the patients receiving Casydrol, he was febrile 
during the administration of the Amigen and remained 
so for another 4 days. He lost 6 lb. in weight 
after / 
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after operation. Despite the Amigen solution having 
a pH of only 5.26 the patient showed no signs of 
acidosis and his carbon dioxide combining power 
remained constant at about 66 vol.1 
The quantities of Amigen administered were 
smaller than those of Casydrol, which makes a compari 
-son of the two infusions difficult. Nevertheless 
the impression is gained that in this particular case 
the Amigen had been both metabolised and utilised to 
a greater extent than was the Casydrol in the 4 cases 
quoted. Further investigations are necessary before 
any definite conclusions can be drawn as to the 
relative met+ts of the two preparations. 
There is little in the literature regarding the 
fate of protein hydrolysates after infusion. Those 
experiments that have been recorded deal only with th 
amino acid and peptide nitrogen which is excreted 
during and directly after short infusionson one 
particular day. Chritensen et al. (1946) gave 
1 litre of 5% Amigen in 5% glucose to convalescing 
patients and recorded that the urinary losses during 
the period of infusion and succeeding hours included 
36 -53% of the peptide nitrogen and 2.4 -6% of the 
amino acid nitrogen administered. Smythe et al. 
(1948), in a study of the effects of parenteral 
infusions of a 5% Amigen solution on 15 human subject 
showed / 
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showed that losses of 1.6- 19.7;x. of the total amino 
acid nitrogen given occurred in the 4 hours following 
the infusion, the majority of which occurred in the 
peptide form. The Casydrol studies were in agree__en 
with these findings, that the peptide nitrogen is les 
readily used by the tissues and more poorly retained 
by the kidneys than is the free amino acid nitrogen. 
In the medical cases discussed, there was 
apparently better utilisation of the Casydrol than wa 
found in the surgical cases. It is possible that 
this discrepancy in the results is due to the fact 
that the medical cases were poorly nourished. Silbe 
et al. (1946), in experiments with dogs, has shown 
that after the administration of a mixture of amino 
acids that the loss in the urine of amino acids is 
considerably less if the dog has been on a low protei 
diet. If the protein depletion was relieved then thç 
urinary amino acid loss rose to normal limits. 
The human body's ability to remove quickly the 
amino acids infused is demonstrated by the constanby 
of the amino acid levels. Sorle raised values were 
observed during the first 2 hours of the infusion but 
after that, despite the continuation of the infusion, 




Surgical trauma is often accompanied by a fail 
in the circulating plasma volume and by hypoprotein- 
- ernia so that the giving of plasma infusions after 
operation would seem a logical procedure. Browne 
(1944) has in fact shown that in surgical patients 
positive nitrogen balances can be obtained as the 
result of plasma infusions. Evidence has also been 
obtained, however, which indicates that the injected 
plasma protein rapidly disappears from the circulat- 
- ion and that approximately 50% is retained in the 
body and re -made into tissue protoplasm, while the 
other half appears in the urine as urea and ammonia 
(Albright 1947). The process of tissue production 
is a slow one so that the increased nitrogen 
excretion may not occur until 10 -20 days after the 
infusion has stopped. A positive nitrogen balance 
immediately after a plasma infusion does not there- 
-fore necessarily indicate that the utilisation of 
the plasma proteins has occurred. 
Attempts were made to see if plasma proteins 
given parenterally could be utilised by 2 partial 
gastrectomy patients (Case Nos. 41 and 42), and if 
positive nitrogen balances were obtained in the 
immediate post- operative period, whether they would 
be followed at a later time by a period of increased 
nitrogen / 
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nitrogen excretion. The effect of the infusions on 
the patients' own plasma protein levels was also to 
be examined. 
The patients received pooled plasma,which had 
been freshly filtered on the day prior to the 
infusion. Nitrogen analyses were carried out on 
specimens withdrawn from each of the bottles of 
plasma given, so that the exact amount of nitrogen 
the patient received could be calculated. 
One of the patients (Case No. 41) received 
770m1. plasma (6.1 g. nitrogen) and 935 ml. plasma 
(6.98 g. nitrogen) for the first 2 days after 
operation, and then the infusions had to be stopped 
on account of thrombosis. No assessment of the 
effect of the infusions could therefore be made. 
The second patient (Case No. 42) died after 
receiving 1,555 ml. (7.1 g. nitrogen), 400 ml. 
(1.66 g. nitrogen), 800 ml. (2.27 g. nitrogen), 
1,775 ml. (9.01 g. nitrogen) and 1,670 ml. (10.26 g. 
nitrogen) plasma on 5 successive days. The amount 
given were not sufficient to have any effect on the 
urine nitrogen excretion, which was as usual increas 
-ed, and so again no conclusions could be drawn. 
No further investigations into the value of thi 
type of parenteral protein feeding were made, as the 
risks incurred were not considered to be justifiable 
THE / 
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It has been suggested that the lack of success 
achieved with parenteral feeding has been due in pJst 
to deficiencies in the caloric intake of the patients 
It was found impossible to increase this intake 
appreciably above the levels mentioned in the preced- 
ing section by parenteral means, so that feeding by 
intubation offered a possible alternative which 
seemed worthy of examination. The protein hydrolysa 
preparation, Prunutrin, has proved to be unsatisfact- 
- ory v.hen given in this manner on account of its 
secretagogue activity, and so the following investig- 
-ations were made using a milk mixture, which could 
be prepared to contain adequate amounts of both 
protein and calories. 
Intraj e junal feeding has been used fairly 
extensively in the preparation of poorly nourished 
patients for operation, and in most instances dried 
skimmed milk powder has been used as the protein 
concentrate, and given in a mixture of milk, sugar 
and eggs ( Varco 1947). Stewart et al. (1948) have 
used a mixture containing casein, yeast, trypsin, 




satisfactory as it fulfils the folio., ing requirements: 
(i) It provides an adequate diet, (ii) it is fluid 
enough to drip by gravity through a small catheter 
without sedimentation, (iii) it is approximately 
neutral in reaction, (iv) it is inexpensive, easily 
repared, capable of variation and can be kept for 43 
ours in a refrigerator and (v) it is easily digested 
ánd absorbed and yields a low residue. 
The mixture used for this group of 6 patients 
after partial gastrectomy conformed to Stewart's 
criteria and had the following comlosition:- 
180 g. dried skimmed milk, 
900 ml. milk, 
150 g. lactose, 
`:rater to 1800 ml. 
he above quantities are the minimal amounts it was 
.rimed at giving the patients, since they contained 
0 g. protein and 1,795 calories, but in some instance 
hey received more. A double lumen tube was inserted 
nto the jejunum at operation, and feeding with the 
ilk mixture was begun on the day of operation. For 
he first 2 -3 days the mixture was given in 2- hourly 
eeds through the tube, but as soon as possible it was 
aken by mouth as a supplement to the ordinary food. 
he patient thus received a reasonably constant intake 
f food throughout the post -operative period. 
The / 
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The nutritional adequacy of the mixture was 
clearly indicated by the fac *hat a patient (Case No. 
43) , awaiting operatioh for oesophageal ulceration 
and stenosis, improved in health while receiving the 
mixture for 50 days as his sole source of nourishment 
The amounts of the milk mixture given to the patient 
(Appendix ) were slightly greater than those given 
to the gastrectomy patients as for 33 days he receive 
119 g. protein and 2,386 calories per day; this 
intake was then raised to 128 g. protein and 2,581 
calories. On both regimes he remained in positive 
nitrogen balance (average 2.93 g. nitrogen per day). 
Some fluctuations in weight were observed probably 
due to water retention, but no gross losses occurred, 
and after 50 days on the diet a net increase oZ 2 lb. 
in weight was recorded. Faecal analysis showed that 
90% of the nitrogen in the food had been absorbed. 
The total plasma protein concentration rose from 
5.31 g.;.. to 6.28 g. %, the improvement being mainly 
in the albumin fraction, and then later fell to 
5.73 g.%; this fall may possibly be dole to changes 
in the plasma volume and may not necessarily indicate 
any variations in the total circulating plasma 
proteins. 
The supply of milk mixture for 1 day had an 
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first 11 days 20 salt was added to the milk 
mixture, which accounts for the very large amounts of 
salt appearing in the patient's urine (13.3 -34.8 g. 
per day). The additional salt intake was then cut 
to 10 g. per day and for the last 11 days no salt 
was added to the milk mixture. 
çaa a. °. (N.B.) Aged 
Diagnosis - 
Operation - 
52; Occupp..tion, guide at 
Holyrood Palace. 
chronic d,'odenal ulcer and 
pyloric stenosis. 
partial gastrectomy. 
T Iilk mixture feeding was begun on the day of 
operation and continued for 5 days. For t:e first 3 
days after operation his intake varied from 40 -70 g. 
protein and a small negative nitrogen balance was 
recorded, but on the following 2 days it was raised 
to 119 g. protein and the patient was in nitrogen 
equilibrium. The cumulative nitrogen losses for th 
6 days after operation were only 11.76 g. nitrogen. 
The patient's debilitated condition resulting from 
the stenosis prior to his operation may have partly 
accounted for this lack of a catabolic response, 
though the extra feeding no doubt also had its effec 
çse No. 45 (J.S .) Aged 52; Diagnosis - chronic 
duodenal ulcer; 
Operation - partial gastrectomy. 
This patient was given a day's supply of milk 
mixture on the day of operation and on the 2 days 
following he received amounts containing 150 and 
119 g. protein, and as a result there was nitrogen 
retention. On decreasing the intake level to 90 g. 
protein and 1,795 calories, ho.:ever, the nitrogen 
excretion exceeded the intake, and there was a 
period of negative nitrogen balance. His normal 
diet was supplementea with milk mixture drinks for 
a further 8 days, so that the protein intake varied 
from 93 -134 g. protein per day. For 3 of these 
days negative nif:ogen'balances were recorded due to 
excessive nitrogen\losses in the faeces res lting frog 
diarrhoea. Of the protein taken in the diet during 
the / 
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the 8 days mentioned, only 79% was absorbed and 
available for utilisation. It appeared as if the 
patient could only absorb the milk mixture properly 
for a limited period of time. 
(R.H.) Aged 43; occupation, P.O. enginee 
Diagnosis - chronic duodenal ulcer. 
Operation - partial gastrectomy. 
"ilk mixture feeding was begun on the day of 
operation, and for the next 6 days the patient 
received a constant inake of 90 g. protein and 1,795 
calories. In spite o la very adequate fluiqintake 
the urine volumes for the first 3 days were only 
505, 300 and 820 ml. respectively, and the amounts of 
nitrogen excreted were lower than normal, with the 
result that positive nitrogenbalances were recorded. 
On the next 5 days, however, the urine nitrogen 
excretion increased and there was definite evidence o 
a catabolic phase having occurred. D ring the 
period of milk mixture feeding the patient was 
troy tiled with diarrhoea so that, of the protein given, 
only 68,E was absorbed and available for utilisation. 
(J.L.) Aged 52; 
Diagnosis 
Operation 
occ7p -: tion, raiL.ay 
linesman. 
- chronic duodenal ulcer 
- partial gastrectomy. 
This patient was given 60 g. protein and 1,195 
calories in the form of milk mixture on the day of 
operation and for the next 5 days received amounts 
which provided him with 70 -90 g. protein and 1,395- 
1,795 calories per day. Although an apparently well 
nourished man before his operation, he was in 
negative nitrogen balance for only 3 days, so that 
his net nitogen losses for the 6 days after operation 
amounted to a proximately 17 g. nitogen (sr.ecimens 
lost on 15th day). This patient remained afebrile 
during the investigation and had no difficulty in 
absorbing the nitrogen from the milk mixture. 





chronic duodenal ulcer. 
partial gastrectomy. 
This patient only received the milk mixture on 
the day of operation and on the following 2 days as 
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to tolerate such large quantities by mouth. With 
the exception of the second day whn the t,ibe was 
removed, he was able to maintain a fairly constant 
level of protein intake, and his net negative 
nitrogen balance for the 6 days after operation was 
42.31 g. nitrogen. 





- chronic duodenal nice 
- partial gastrectomy. 
Feeding was begun on the day of operation for 
this ,atient. On the next 2 days he was given the 
milk mixture by intubation, and then for the followin 
3 days he took the mixture by month in addition to 
ordinary food. His daily nitrogen intake, therefore 
only varied between 10.40 and 14.28 g. nitrogen per 
day in the post -operative period. For the 5 days 
after operation he was in negative nitrogen balance 
to the extent of 34.02 g. nitrogen. The patient had 
no apparent difficulty with the absorption of the 
milk mixture. 
A comparison of the results obtained from the 
patients receiving milk mixture (Table 9) with those 
in the group who were given the normal ward routine 
diet (i.e. semi- starvation) after partial gastrectomy 
had been performed clearly indicates that this type 
of feeding has caused a considerable reduction in the 
net losses of nitrogen. In the control group of 7 
patients, values for the sum of the net negative 
nitrogen balances for the 6 days after operation, 
ranged from 38.99 -93.9 g. nitrogen, whereas in the 
group of 6 patients receiving milk mixture the range 
for a similar period was 11.76 -42.31 g. nitrogen. 
Positive nitrogen balances were not generally recorder. 
but / 
TABLE 91 
Effect of T'ilk I:Tixture Feeding on 
=Titroen Balance. 

















44 + 1.70 78.90 11.76 3 
45 100.24 27.72 4 
46 + 1.77 86.40 39.59 5 
47 + 3.68 81.30 17.00 3 
(approx.) 
48 + 0.56 67.23 42.31 6 
49 + 1.75 78.40 34.03 5 
(5 days) 
Controls Average 25.83 70.7 6.85 
Range 17.12- 38.99- 5 -10 
32.94 97.90 
102. 
but there was sorr_e evidence to sug_,est that these 
might have been obtained with slightly higher intakes 
of protein. Riega] (1945) in a sL,ilar investigation 
gave his patients by intubation .n average of 17.5 g. 
nitrogen and 1,750 calories per day in a mixture of 
milk, skimmed milk powder, eggs, cheese and soya bean 
flour. With these quantities he obtained positive 
nitrogen balances after cranial and gastric 
operations. 
The quantity of protein given by intubation to 
gastrectomy patients was very largely limited by the 
patients capacity for taking fluid since it was not 
possible to obtain a homogeneous solution with 
higher concentrations of milk powder. With regard 
to the patients com ort 1,800 ml. appeared to be the 
maximum amount that could be tolerated so that 
intakes of over 90 g. protein (i.e. 14.4 g. nitrogen) 
per day were not practical. Although 2 of the 
patients had some difficulty in absorbing this 
quantity,the other 4 patients did not apeear to have 
.ny difficulty with the digestion of whole protein. 
Once again, it is apparent that the patients' 
protein needs after operation are considerably 
increased, and that for nitrogen equilibrium, very 
much higher protein intakes than are normally 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SALT ttL`l'L:0,11u14 AND 1Hi; PtfúTLliV' 
CnTAJDUl,1C rHASL. 
In the course of the investigations previously 
described, it was observed that, during the period of 
negative nitrogen balance, the excretion of chloride 
in the urine was much reduced below the amount found 
before operation and at a later period after operation. 
(Wilkinson et al. 1949). This depression of 
chloride excretion occurred irrespective of the amount 
of salt given. The time of onset of the depression 
varied but in most instances occurred abruptly on the 
day of operation, though in a few instances it was 
delayed for 1 or 2 days after operation. The 
depression lasted for 3 days in one patient, 4 days 
in four patients, 6 days in four patients, 8 days in 
seven patients and for 9 days or more in three patients. 
The total urinary chloride excretion (expressed as 
sodium chloride) fell below 1 g. per day for 2 or 
more consecutive days in nine patients, below 2 g. 
per day in five patients and in four patients it fell 
below 1 g. per day for 1 day. There was no relation 
-ship between the time of onset, duration or degree 
of depression of the urinary chloride excretion, and 
the type of post- operative treatment (Table 9). 
Lack of salt intake is a possible explanation 
for the reduction in the urinary chloride excretion. 
The / 
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The classic experiment of Benedict (1915) has shown 
that fasting results in a gradual fail- in the urinary 
chloride excretion to about 1.5 g. rer day in 3 days, 
and that it continues at this low level until feeding 
is begun. This explanation will not, however, 
suffice in the case of patients on whom partial 
gastrectomy has been performed, since all such 
patients in this hospital receive saline infusions 
for 2 -4 days after operation, which give them 
minimum intakes of 7.2 g. salt per day. Also in the 
studies on the volunteers (Case Nos. 26, 27, 28A and 
29A) who received post -gastrectomy diets but no 
saline infusions, the lowest daily chloride excretions 
recorded were 1.18 g. on the 4th day (Case No. 26), 
2.84 g. onthe 3rd day (Case No. 27), 4.26 g. on the 
3rd day (Case No. 28A) and 3.44 g. on the 2nd day 
(Case No. 29A) and were probably due to lack of inta' e. 
In no instance was there a sudden drop in the 
chloride excretion on the 1st day, nor were levels 
of less than 1 g. per day attained, which suggests 
that some factor other than lack of salt intake was 
responsible in the surgical patients for the 
depressed chloride excretion. 
The chloride excretion of 4 of the patients in 
the control group who underwent partial gastrectomy 
(Case Nos. 17, 18, 19 and 20) was determined, and in 
all / 
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all these cases there was a depression of chloride 
excretion after operation in spite of intakes of more 
than 10 g. salt per day in some cases. These 
patients were treated with 2- hourly gastric aspirat- 
ions for periods of up to 4 days, so that losses of 
chloride in the fluid aspirated occurred, which in 
some instances amounted to 5 g. salt per day, though 
more ,usually they were only 1 -2 g. per day. The 
degree of depression of the urinary chlorides a,pears 
to have been unaffected by the losses due to suction. 
Faecal excretion in the immediate post- operative 
period is usually negligible so that any chloride 
losses from the faeces have been ignored. 
Similar results have been observed in the other 
4 patients of this group who underwent operations 
other than partial gastrectomy. These patients did 
not receive intravenous infusions of saline, so that 
their salt intake was certainly low for a few days. 
That the fall in chloride excretion was not due to 
starvation was, however, indicated by the fact that 
in 2 of the cases excretions of less than 1 g.per 
day were recorded on the day after operation, and in 
the other 2 cases this level was reached in 2 days. 
The period of depressed chloride excretion coincided 
approximately with the period of negative nitrogen 
balance, / 
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balance, when the urine nitrogen excretion was 
maximal, so that there is no question of the urine 
volumes being inadequate for the chloride excretion. 
It is interesting to note that one of the patients 
(Case No. 23) ,whose Ixotein catabolic response to 
operation was small due to his debilitated condition 
did however have the usual depression in chloride 
excretion after operation. 
In the group of 4 patients given intravenous 
infusions of Casydrol, high intakes of salt were 
maintained for 3 -5 days after operation. In s ite 
of this,.the excretion of chloride in the urine fell 
to the low levels observed in the previous group, 
and returned to the pre- operative level only aitel. 
the usual period of 5 -8 days. It was noted in two 
instances that the urinary chloride excretion return 
-ed to the original level at a time when the chlorid- 
intake was lowest, because of the transition from 
intravenous infusion to oral feeding. This may 
have been die in part to the known delay in excretio 
of salt given intravenously (Moyer et al. 1947). 
Since the salt intake in the immediate post- 
-operative period was known, it was possible to 
calculate / 
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calcillate the chloride balances for these patients 
(Appendix ) R In spite of the large amounts of 
chloride removed in' the gastric aspirations of 2 of 
these cases, considerable chloride retention was 
evident in all of these patients for a week after 
operation. This period of chloride retention again 
roughly coincided with the period of negative 
nitrogen balance, though it did not last so long in 
the patients (Case Nos. 36 and 37) where convalescenc 
was delayed by phlebitis. 
The pattern of chloride excretion in the group 
of 6 patients receiving milk mixture after operation 
was similar to that found in the preceding groups 
(Appendix), In 2 of the cases salt had been 
added to the milk mixture (which on an average 
provided 4.4 g. salt per clay) so that net intakes of 
up to 19.88 g. salt per day were recorded. The 
chloride excretion, however, remained depressed; witi 
the exception of one patient (Case No. 48), positive 
chloride balances were observed in the post- operativ- 
period. The urine chloride excretion after operati n 
a,pears, therefore, to be unaffected by the diet 
taken after operation, or by wheth_r the salt is 
given by the intravenous route or by mouth. 
The / 
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The occurrence of a reduction in chloride 
excretion after operation has been previously observe . 
and recorded ( Matas 1924, Leine', 1933, Lambret 1933 
and 1937, Robineau 1933, Bartlett 1938, Howard 1946 
and Theron 1949). Little significance has been 
attached, however, to this observation and a more 
detailed examination of the changes in salt metabolise 
that occur as the result of surgical trauma seemed 
worthwhile. 
Sodi »m and Chloride balances in surgical patient 
given a constarl#_SaltIntake . 
The following investigations were designed to 
see if the apparent retention of chloride after 
operation was accompanied by a similar retention of 
sodium,and what relationship this retention bore to 
the protein catabolic phase. 
In the pre - operative period a diet of known 
nitrogen, sodium, chloride and caloric content was 
provided, and there was no addition of salt in cookin 
The patient was supplied each day with a weighed 
quantity of salt which was sprinkled on to his food 
according to taste. An ample supply of distilled 
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beverages; the amount consumed was measured daily 
so that records of the total fluid intake could be ke 
Before normal feeding had been re- established and afte 
saline infusions had been discontinued, the requisite 
amount of salt was given by mouth so that an intake 
of 6 -8 g. salt per day was maintained throughout the 
investigation. 
Nitrogen balance studies were also made in all 
the following cases and it will be seen that the 
results recorded are very similar to those of the 
control group of patients previously discussed, as 
both groups received the normal ward gastrectomy diet, 
and were given no protein supplements. In the 
sodium and chloride balance studies made on the 3 
volunteer subjects and on 4 of the patients, no 
analysis of salt lost in the faeces was made. 
Estimations of the faecal salt losses were, however, 
included in the balances of 4 other patients, one of 
whom was given Amigen infusions after operation. No 
allowances were made for losses d.»e to perspiration. 
Caa@_EQss 28F . e nd 30. 
After 6 days on a fixed diet the 3 medical 
students were given a diet equivalent in protein 
content to that given to gastrectomy patients after 
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the caloric content was maintained at a level of 
2,500 calories. The salt intake was kept constant 
and nitrogen balance studies were made to ascertain 
if reductions in protein intake pur se were to any 
extent responsible for salt retention. 
In all 3 cases the urinary sodium excretion ran 
almost parallel .. to the chloride excretion, so that a 
period of positive sodium balance was usually 
accompanied by a period of positive chloride balance. 
On account of slight differences in intake, equivalen 
amounts of sodium and chloride were not necessarily 
excreted in the urine, but the sum of these 
differences over a period of 7 days on a fixed diet 
was negligible. 
One of the students (Case No. 28B) was in 
negative nitrogen balance prior to the period on the 
gastrectomy diet and lost weight, so that it was to 
be expected that negative sodium and chloride 
balances would be recorded in his case. The other 
2 students were more or less in balance during the 
preliminary period. 
Negative nitrogen balances were recorded for the 
6 days that the protein intake fell below 60 g. per 
day for each of the students. During this time 
small net positive sodium balances and, in2 out of 3 
cases, positive chloride balances were found. The 
sodium retention was shown to be relatively greater 
than the chloride retention at this time by calc»lat- 
-ing the differences in the positive balances obtaine 
expressed as milliequivalents (Table 1t) . 
This period of salt retention was followed by a 
period in which the salt excretion exceeded the intak 
and relatively more chlorilia was excreted than sodium. 
No correlation between salt retention and the fluid 
balance could be found. 
There is, therefore, some evidence to suggest 
that a part of the chloride retention previously 
described may have resulted from a decrease in the 
nitrogen intake. Other factors must, however, be 
involved since chloride retention was also observed i 




For 6 da:rs of Neg. N. Balance. 
Net Net Na -Cl. 
Na.Retention Cl. Retention Balances 
g. g. me q. 
28B +3.96 +3.23 +62 
29B +1.02 -0.05 +43 
30 +1.49 +1.10 +34 
operation. 
The lowest urine chloride excretions (expressed 
as sodium chloride) recorded during the period of 
restricted protein intake were 6.22 g. (Case No. 281,), 
4.83 g. (Case No. ,9A) _:nd 7.20 g. sale, (Case No. 3o), 
wit_i daily salt intakes of 8.72 g., 5.31 g. and 0.92 g. 
salt respectively. The salt, but not the protein, 
conoent of the diet has ben the controlling factor in 
the amount of salt excreted in the urine. 
(Positive balances of 0.25 g. sodium and 0.4 g. 
chloride per day or more were considered to indicate 
sodium and chloride retention.) 
Case No. 50. (J .I.) Aged 58; occupation, labourer. 
Diagnosis - chronic duodenal ulcer. 
Operation - posterior gastroenterost my. 
For 6 days before his operation, this patient was 
in positive balance for nitrogen (average 2.5v g. per 
day), sodium (approximately 1.45 g. per day) and 
chloride ( approximately 2.44 g. per day). Estimations 
of the salt lost in clue faeces were not made but as 
the faecal nitrogen excretion was normal it was unlike y 
that more than 0.3 g. salt per day would have been los 
in this way. The fluid balance records did not 
indicate that there had been any excessive water 
retention so that the reason for this salt retention 
is unknown. During the preliminary period sodium and 
chloride were excreted in approximately eq "ivalent 
am runts. Owing to differences in the amount of salt 
taken with the food, the daily sodium and chloride 
intakes varied from 2.16 - 3.86 g. sodium and 3.37 - 
6.14 g. chloride. 
After operation, with the exception of the first 
day, there was both sodium and chloride retention, 
with average positive balances of 1.48 g. sodium and 11 
1.98 g. chloride per day. This retention lasted until 
the 7th day and so lasted 2 days longer than the 
nitrogen catabolic phase. Relatively more chloride 
than / 
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than sodium was excreted for the first 6 days after 
operation, after which the relative chloride excretion 
exceeded the sodium excretion. The daily salt intake 
remained fairly constant during the immediate post - 
-operative period, but then dropped owing to the 
patient's refusal to Lake sufficient salt with his 
food. 
Case No. 51. (V.S.) Aged 36; occupation, miner. 
Diagnosis - chronic duodenal ulcer. 
Operation - partial gastrectomy. 
In the pre -operative period this patient was in 
positive balance for nitrogen (average 3.ßl g. per day), 
sodium (average 0.65 g. per day) and chloride (ave.a.gel 
1.1: g. per day). The sodium and chloride were 
excreted in the urine in approximately equivalent 
amounts. 
For 7 days after operation there was n average 
daily retention of 1.33 g. sodium and 2.42 g. chloride. 
This was followed by a period of negative balance for, 
both ions for 4 days, and then a further period of sal 
retention occurred. Sodium and chloride were retained 
in equivalent amounts lor the first 3 days, but for 
the next 7 days relativel,.- more sodium than chloride 
was excreted in the urine, and on the following 4 days 
more chloride than sodium appeared in the urine. The 
period of negative nitrogen balances lasted for 8 days 
and so coincided with the period of salt retention. 
second catabolic phase which occurred 2 days later 
was not, however, accompanied by salt retention, 
though small positive balances for both salt and 
nitrogen were recorded later. 
Case No. 52 (P.R.) Aged 54; occupation, furnace worker. 
Diagnosis - chronic duodenal ulcer. 
Operation - vagotomy and antrect_my. 
This patient was in nitrogen equilibrium for 6 
days before his operation. On the 2nd, 3rd And 4th 
days he was treated with "Sippy" powder which added 
considerably to his sodium, but not his chloride, 
intake; his sodium retention for these 3 days was 
therefore considerably greater than his chloride 
retention, though the excess sodium retained was 
excreted / 
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excreted during the fol_Lowing 2 days. 
On the day after operation the sodium and chloride 
losses exceeded the intake, but for the next 6 days 
there was a period of both sodium and chloride retention 
(average 0.89 E. sodium and 1.86 g. chloride per day), 
in which relatively mole chloride than sodium was 
retained. Negative nitrogen balances were recorded 
for 5 days, followed by a period of both nitrogen and 
salt retention, though the latter was not as great as 
that found after operation. For the first 5 post- 
-operative days relatively more chloride than sodium 
was retained; On the following 4 days this position 
was reversed and the amounts of chloride in the urine 
were relatively greater than those of sodium. For 
the remainder of the investigation both ions were 
excreted in approximately equivalent amounts. 
Case No. b3 (T.L.) Aged 63; occupation, farm-worker. 
Diagnosis - chronic duodenal ulcer. 
Operation - partial gastrectomy. 
although in positive nitrogen balance (average 
1.06 g. per day) before his operation, this patient 
was in negative balance in respect of both sodium 
(average 1.0a g. per day) and chloride (average 0.90 g. 
per day) and was losing relatively more sodium than 
chloride in his urine. 
Negative nitrogen balances were found for 5 days 
after operation. On the first day, large amounts of 
both sodium and chloride were excreted in the urine, 
but by the 2nd day the urinary excretions of these two 
ions had dropped to 0.78 g. and 1.30 g. respectively. 
Unfortunately the salt intake for the next 2 days was 
very small and, as a result, small negative sodium and 
chloride balances were recorded. Resumption of the 
salt intake resul,ed in sodium and chloride retention 
for the next 7 days, though the patient was in nitrogen 
equilibrium after the first of these days. Over the 
6 days after operation an average of 0.79 g. sodium 
and 1.44 g. chloride was retained. For 9 days after 
operation relatively more chloride than sodium was 
excreted in the urine. 
Case 54 (D.M_.) Aged 51; occupation, barman. 
Diagnosis - chronic duodenal ulcer. 
Operation - vagotomy and antrectomy. 
Before his operation this patient was in positive 
balance in respect of nitrogen (averat_e 4.33 g. 
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sodium,(average 0.31 g. per day) and chloride (average 
0.51 g. ;.er day). After the cessation of the saline 
infusions, the orange juice salt mixture was nut given 
until the 4th day. The level of salt intake therefore 
fell from 2.54 g. sodium and 3.92 g. chloride on the 
first day to 1.41 g. sodium and 2.17 g. chloride on the 
.rid day, and to 0.34 g. sodium and 0.92 g. chloride 
on the 3rd day, so that it was not until the 4th day 
after operation that sodium and chloride retention was 
observed. This period of salt retention lasted for 
approximately 5 days and was maximal on the 7th day 
after operation, whereas the period of negative nitroge 
balance lasted for only 6 days. Throughout the 
investigation the urine contained approximately 
equivalent amounts of sodium and chloride. 
Case No. 55 (A.S.) Aged 43; occup_Ition, barman. 
Diagnosis - chronic duodenal ulcer. 
Operation - partial gastrectomy. 
In this case all excretions and gastric aspirations 
were analysed for nitrogen, sodium and chloride, and 
potassium, phosphorus and sulphur determinations were 
carried out on the urine biit not the faeces. 
For a week before operation the patient was 
retaining nitrogen (average 2.38 g. per day) and was 
in equilibrium in respect of sodium (average .05 g. 
per day) and chloride (average 0.14 g. per day). 
After operation there was retention of sodium (average 
1.11 g. per day) and chloride (average 2.26 g. per day; 
for 6 days, which coincided viith the period of negativ 
nitrogen balances which lasted for 5 days. Relativelu, 
more chloride than sodirm was retained for the first 
7 days after operation, after which equivalent am.' nts 
of the two ions were excreted in the urine. 
Estimations of potassium in the urine imitated 
that the patient was retaining potassium prior to 
operation. On the day of operation there was a 
potassium diuresis and the urine potassium excretion 
rose from an average of 2.66 g. per day to 4.1 g. 
On the following two days, in spite of the intake bei 
nil, the potassium excretion continued at a level of 
2.18 g. per day. It then dropped to 0.33 g. per day 
in 6 days, after which it í"e -nained at a level of 1.30 
per day; this indicated that a considerable amount of 
the potassium in the food must have been retained as 
losses in the faeces world be unlikely to have amount 
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The urinary phosphorus excretion ran parallel to 
that of the potassium though the final level of urine 
phosphorus excretion was thL same was that found r.re- 
-operatively. Lack of faecal analysis made the 
assessment of a balance for phosphorus impossible, 
but it appeared as if the patient was only in negátive 
balance in respect of phosphorus for 2 days after 
operation, and that this was followed by a period of 
positive balance. 
Values for the ratio of nitrogen to sulphur 
excreted in the urine varied between 11.9 and 21.4 
with an average balance of 15.2 for the pre - operative 
ieriod, 15.88 for the immediate post -oj erative period 
and 16.63 for the following 10 days. 
Case No. 56 (F.S.) Aged - Occupation, hairdresser 
Diagnosis - chronic duodenal ulcer. 
Operation - partial gastrectomy. 
Estimations of the nitrogen, sodium, chloride, 
potassium, phosphorus and sulphur contents of the urin 
faeces and gastric aspirations were made. Before 
operation the patient was in positive balance for 
nitrogen (average 2.48 g. per day), sodium (average 
0.19 g. per day) , chloride (average 0.65 g. per day) , 
potassium (average 1.05 g. per day), phosphorus 
(average 1.21 g. per day) and in slight negative 
balance for sulphur(average 0.08 g. per day). 
The period of negative nitrogen balances after 
operation lasted for 6 days. On the first day after 
operation both the sodium and chloride excretion 
exceeded the intake, but for the next 3 days retention 
of both ions occurred, The studies -.could only:b.e_ 
continued for a further 3 days, during which time the 
patient was more or less in equilibrium for sodium and 
chloride, so that for the first 6 days an average of 
0.49 g. sodium and 1.23 g. chloride each day were 
retained. After operation relatively more chloride 
than sodium was retained. 
The urinary potassium excretion rose on the day 
after operation from an average of 1.96 g. per day in 
the pre -operative period to 2.82 g. ler day. On all 
other days the post - operative potassium excretion was 
less than that found pre -operatively. Thus, with th 
exception of the 3 days after operation, when the 
potassium intake was nil for 2 days and then only 
1.03 g. per day, positive balances were found, spite 
of losses in t11.) of up to 1.24 g. per day, 
which / v 
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which amounted to 1.52 g. per day on an intake of 2.16 
potassium. 
The urinary phosphorus excretion remained very 
constant at a level of aproximately 0.50 g. per day 
throughout the investigation, and was only raised on 
the day after operation when a value of 1.13 g. was 
recorded. The excretion of phosphorus in the faeces 
never rose above 0.46 g. per day, so that by the 5th 
day, when the intake had reached a level of 1.27 g. 
per day, positive balances were obtained. 
For the pre-operative period the ratio of nitrogen 
to sulphur in the urine was 13.7; the value for this 
ratio fell to 10.7 and 1:x.3 for the 2 days after 
operation and then rose to 16.9 on the 4th day; by 
the 7th day, however, it was again within the pre- 
-operative range. iihen small positive nitrogen 
balances were obtained it was noticed that the sulphur 
balances were slightly negative, which suggests that 
perhaps the values recorded for sulphur were too high, 
though recovery experiments with known amounts of 
sulphur gave satisfactory results. 
Case No. 40. 
In addition to the observations previously report- 
ed concerning this patient, a study of the effect of 
Amigen infusions on salt retention after operation was 
made. 
The patient was in equilibrium for sodium and 
chloride before his operation. The urinary sodium 
chloride excretion was depres,ed from the day of 
operation but owing to considerable losses in the 
gastric aspirations, negative chloride balances were 
recorded on the first 2 days. After this, both 
sodium and chloride retention occurred until the 7th 
day although the period oín.egative nitrogen balance 
only lasted for 5 days. Over the 5 days after operat- 
ion an average of 1.20 g. sodium and 1.56 g. chloride 
was retained per day. The period of salt retention . 
was followed by 3 days in which negative sodium and 
chloride balances were observed. 100 ml. Amigen con- 
-tains 85.5 mg. sodium and 85 mg. chloride so that it 
was to be expected that during the period of the infus- 
ion relatively more sodium than chloride would be reta 
-ed. This was folioed by a period of 7 days in which 







In four of the cases of this örcup, the depression 
of sodium and chloride excretion after operation 
occurred on the day after operation, while in the other 
f-ur cases it occurred on the second day. In the 
latter cases the ,sine volumes on the day of operation 
had been nil in two cases and 350 and. 300 ml. in the 
other two, so that the urine passed on the da, after 
operation might have included urine formed but not 
excreted before operation. In three of these four 
cases the sum of the intakes of salt for the day of 
operation and the day after aiproximately equalled the 
sum of the amounts excreted for these two days, so that 
there was no evidence of retention occurring until the 
second day after operation. 
In all of the cases discussed sodium retention 
occurred at the same time as chloride retention, thorgl 
the degree of reflation of the two ions varied according 
to the individual and the time after operation. Ther 
was no general pattern of behaviour, but for the first 
two days after operation the relatively sodium retenticn 
usually exceeded the chloride retention; this was 
followed by a period lasting up to 7 days in which the 
amount of chloride retained was considerably greater 
than that of sodium. It was found, for the first 
6 days after operations, that in five out of eL'ht 
cases the sum of the chlorid balances (in milli - 
-eçuivalents) exceeded the sum of the sodium balances 

























































































































































































































































































































































































































































































(in milliequivalents), so that 1 -37% of the chloride 
retained had been in excess of sodium retained. In 
one case the relative amounts of sodium and chloride 
retention were almost identical, while in the other two 
cases, one of which had had a less severe operation 
while the other had beerliven Amigen, the initial 
period of excess sodium retention over chloride 
retention was extended so that the net balances for 
the 6 days indicated preferential retention of sodium 
(Table II). 
It is difficult to offer an adequate explanation 
for the differences in the relative amounts of sodium 
and chloride excreted in the urine. They may be 
associated with the destruction of tissue protein 
which occurs after operation and which contains in 
general more sodium than chloride (Darrow 1945) . 
It would be expected thatthe period of salt 
retention would be followed by a period of excessive 
excretion of both sodium and chloride. This was not 
observed in all cases, probably due to the fact that 
the investigations were not continued for a sufficient 
length of time. 
The period of negative niurogen balances started 
in all cases on the day after operation and lasted. for 
5 - 7 days. The salt retention began in 2 cases on 
the / 
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the day after operation, in 3 cases on the second day 
and in one case on the third day; regardless of which 
day it began, the period of salt retention lasted for 
as many days as the protein catabolic phase and in 
some instances 1 - 2 days longer. In 2 cases, owing 
to irregularities in maintaining the constant salt 
intake, it was found that the salt retention did not 
occur until the 4th and 5th day after operation; 
nevertheless, it lasted for 6 days, even though the 
patients were in nitrogen equilibrium during part of 
that time. 
It appears,thebefore, that salt retention and 
protein catabolism, although both result from the 
trauma of operation, are two quite independent 
responses, which may, if an adequate salt intake 
given, occur at the same time. 
De Wesselow (1924) has stated that for every 
6 - 7 g. salt retained in the body there is an 
accumulation of 1 litre of water. Fluid balance 
records were attempted for all the patients of this 
group, but in none of them was it possible to obtain 
a consistent enough balance in the pre -operative 
period to enable an assessment of the actual water 
retention after operation to be made. 
I1 / 
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i reduction in the ability of the kidney to 
excrete salt in the immediate post -operative period 
has been observed by many workers (. M ,tab 194, 
Bartlett 1938, Discombe 1943, Coller 1940 and 1944, 
Earriot 1947) . Coller et al. (1945) in a study of 
the salt excretion in the first 20 hours after oiler: :t - 
-ion found that infusions of 3,500 ml. isotonic saline 
caused retention of 53,E of the sodium and 465 of the 
chloride .given, but only 19% of the water, which 
necessitated the withdrawal of water from the intra- 
-cellular compartments. Robinson (1948) considers 
that the amount of salt retained is proportional to 
the load, with the urinary output remaining relatively 
fixed. Howard (1946) as the result of observations 
made on chronically ill patients fed by vein, is of 
the opinion that the degree of salt retention is 
proportional to the amount of opertional shock. 
Cara Tell (1946) has shown that the rate of loss of 
sodium in the post - operative patient is not affected 
by glucose infusions. 
Cuthbertson (1936) , in his study of fracture case , 
found that the urinary phosphorus and sulphur excretio s 
fluctuated with the nitrogen excretion. A similar 
effect was observed in 2 cases after partial gastrectomy. 
The ratio of sulphur losses to nitroer. losses 
suggested / 
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suggested that, as ith the fracture cases, catabolism 
of muscle tissue had occurred. 
oth the cases on whore analyses of potassium in 
the urine were performed a;peared to have considerable 
positive potassium balances both before and after 
operation. The amount of potassium retained was 
considerably in excess of that which would be expected 
from a knowledge of the nitrogen balances, assuming 
that on an average in tissue there is 1 g. potassium 
for every 10 g. nitrogen. On the day of operation 
and the 2 days following, the potassium excretion was 
higher than could be explained simply by tissue break- 
-down. This indicated that there had also been a 
loss of intracellular potassium due to starvation and 
salt retention, which would necessitate an adjustment 
between intracellular and extracellular body fluids 
(Darrow 1945, Iob 1949) . Both Cu.thbertson (1936) 
and Howard (1944) have found similar increases in 
potassium excretion in fracture cases. Howard also 
found considerable positive balances for potassium, 
beginning 4 days after operation, which lasted for over 
35 days, in five cases and totalled 663 - 1,155 m. Eq. 
The two investigations reported were not carried on 
for long enough to enable an estimate of the total 
amount / 
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123. 
CIkiNGES IN BLUüD C'ríENIS'l'hY FOi.,i,ulo ING 
OPT I ON. 
Blood was withdrawn for analysis both before and 
after operation from the majority of patients, but only 
the 20 cases where blood was obtained on four or more 
occasions have been included in the Appendix, and used 
in this discussion. The time interval between the 
taking of the blood samples varied but in general at 
least one sample was taken before operation, one two 
days after, a third four days later and a fourth about 
a fortnight after operation; in some cases it was 
found possible to obtain more samples in the immediate 
post - operative period. The number of different types 
of estimation performed at any one time was limited by 
the amount of blood available. The changes that were 
observed in the blood chemistry as the result of 
operation appeared to be independent of the method 
of 
feeding employed and so will be discussed together. 
Plasma Proteins. 
The total protein concentration of the plasma 
was 
estimated in 16 cases and in each of these there 
was 
an immediate fall in concentration after operation. 
This depression continued for 2 - 12 days, 
depending 
on the individual, and ranged from 0.47 
g.% to 1.5 g.% 
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(average 0.83 g.%). The depression was almost entire 
due to changes in the albumin fraction, which ranged 
from 0.25 g.% to 1.0 g.% (average 0.96 g.;_) . Only 
in 2 of the cases was there a fall in the globulin 
fraction of the plasma; in all other cases the 
globulin concentration rose to levels well above the 
pre- operative level. It is not known whether this 
rise in globulin concentration included an increase in 
the gamma globulin fraction; if so, it might have 
been the body's response to combat infection (Cannon 
et al. 1944). 
Casten (1943) in a study of 26 cases, on c;hom 
gastrointestinal operations had been performed, also 
found falls in the total plasma protein concentration 
of more than 0.5 g. %. He could find no correlation 
between the type of anaesthesia given and the degree 
of the fall, which a, feared to be greatest in the 
patients whose liver function was diminished. The 
suddenness of the fall of the plasma protein concentra 
-ion cannot be explained simply by dilution of the 
plasma due to infusions of saline and glucose (Coller 
1945) or by starvation, since it was not observed in 
the volunteers and Keys (1946) in his work on 
experimental oedema has shown that 6 months of semi- 





in 24 subjects. 
Stewart and Rourke (1938) has shown that in 16 
cases the plasma protein and blood sodium, chloride 
and haemoglobin concentrations did not fall immediately' 
after major surgical operations, but that t -ie blood 
volume was reduced and the thiocyanate space increased. 
There were, therefore, immediate changes in the total 
amount of circulating plasma proteins before the change 
in plasma protein concentration becaïae apparent, due 
to the removal of the blood in toto from the active 
circulation. In some preliminJry studies on changes it 
blood volume and thiocyanate space after partial 
gastrectomy, these findings. regarding the lo.gering of 
the amount of tota7/circulating plasma proteins, were 
confirmed. In one particular case, the plasma protein 
concentration before operation was 6.19 g.% (albumin 
2.36 g.%, globulin 3.63 g.%), and the plasma volume 
2,500 ml., which gave the total circulating protein 
as 154.5 g. (albumin 64 g., 90.8 g. globulin). On th 
day after operation the haematocrit reading rose from 
31w, to 38 %, the plasma volume fell to 2, 100 ml. and the 
total plasma protein concentration rose to 6.35 
(albumin 2.42 g.° and globulin 3.93 g.;); the total 
amount of circulating plasma protein had, ho-,. ever, 
fallen to 134 g. protein, due to losses of 12.3 g. 
albumin and 8.2 g. globulin. In 3 out of t :e 4 cases 
so / 
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so far observed, the decrease in the amount of sirculat}- 
-ing plasma proteins has been due chiefly to changes 
in the amount of circulating albumin. In the fourth 
case, the usual drop in plasma protein concentration 
was found,but not a decrease in the amount of circulat- 
ing plasma proteins, due probably to the fact that th 
blood samples were not taken until 2 days after 
operation and by, that time the plasrpa volume had risen 
above the pre- operative level. 
To obtain a clear picture of the changes that are 
taking place in the vascular system after operation, 
a knowledge of both the changes in plasma concentratic 
and plasma volume is therefore necessary. 
ap-prple in- nitrogen. 
In 7 cases the non -protein nitrogen was determine 
and in only 3 of these was a rise recorded; this rise 
was found to be due almost entirely to a rise in the 
blood urea nitrogen. Elevation of the blood urea 
nitrogen after operation was found in 4 out of 12 cases 
studied. Changes in the creatinine, uric acid and 
amino acid content of the blood were not significant. 
In contrast, other workers (Lambret 1933, Robineau 
1933, Larget 1941) have reported moderate increases in 
non -protein nitrogen in all cases after operation. 




remain constant after surgical procedures and acute 
illnesses (Christensen 1947, Grossman 1945, Kozali 
1945). 
k3Lkad Cell Volume. 
Haemo -concentration was observed in 4 cases out o 
19 after operation. In 18 cases values fox tie packed 
cell volume dropped 3 - 16% (average 8.7%) in the post- 
-operative period. In the majority,the lowest value 
was recorded between the 5th and 8th days, though in 
some cases it was not recorded until the lith day after 
operation. 
Red Blood Cell Count and Haemoglobin 
Changes in packed volume were accoLipanied by 
corresponding changes in the red blood cell count and 
the haemoglobin concentration. In 3 cases the 
dej:ressions in the red blood cell counts ranged from 
0.28 to 1.12 million R.B.C. per ml. blood (average 
0.84 mill. ). In 7 cases the falls in haemoglobin 
concentration varied from 8 to 24% (average 17.-4). 
;Carbon DZ,oxid,_ÇDAininrower. 
In spite of the shock of operation, the infusions 
given and the loss of fluid and chloride in the gastri 
aspirations, the carbon dioxide combining power remain 
-ed remarkably constant throughout the pre - operative 
and / 
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and post - operative periods, which indicated that the 
patient's ability to maintain his acid -base balance was 
apparently unimpaired. In 16 cases, the average 
ált @ration in carb,.;ndioxide combining power was only 
9 vols. ,, and whereas in some cases there was an 
increase after operation, in other cases the carbon 
dioxide combining power was lowered. For al.i of thes 
patients, the values recorded were within the normal 
range of 55 - 75 vols.¡. 
Blood chloride estimations were performed in 18 
patients and in 5 of these no fall in chloride concept- 
-ration was observed. In 13 cases, ho-,ever, depressions 
of 10 - 66 mg.% (as NaCl), - average 28 mg. %, from the 
pre -operative level were found, the lowest valves being 
recorded about the n_d day after operation. During the 
post- operative period the blood chloride concentration 
rose to a higher level than that previously observed. 
r a,Chlorides . 
Plasma chloride estimations were performed in the 
4 cases; it was found that they were slightly depress- 
ed after operation and that later, higher values than 
those found pre - operatively were recorded. These 
findings are in agreement with those of Lambret (1933). 
Robinean and. Le ueu (1933) , and Theron and Jdil3,n (1949), 
Labbÿ / 
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Labby and Hoagland (1947) found similar changes in 
patients with liver disease, which they attributed to 
increases in the thiocyanate space. This ex- planation 
may apply after surgical operations since increases in 
thiocyanate space have been observed in the 4 cases 
so far investigated. The plasma chloride depression 
occurred at the same time as the period of salt 
retention and did nct necessarily indicate that there 
had been a deficiency of salt after operation; this 
point has been discussed in d.etail,by Aboot (19z.6). 
The French workers, Lambret, Lequeu and Robineau 
have drawn attention to the fact that, although the 
changes in blood and plasma chlorides after operation 
may not be very marked, there are definite changes in 
the distribution of chloride in the blood. Before 
operation, the value for the cell chloride ratio i; Tiasma cr`ralide 
about 0.5, but after operation the chloride sniff is 
form the cells into the plasma so that the value for 
the ratio falls. Analysis of the results found for 
Case Nos. 50, 51 and 55 confirmed these findings as it 
was observed that the values for the ratio dropped from 
0.49 to 0.27, 0.51 to 0.13, and 0.45 to 0.22 respective - 
-ly. The e_ift appeared to be a gradual process and 
to result mainly from changes in the relative 
distribution / 
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distribution óf plasma to cells in the blood; a 
return of the packed cell volume reading to normal was 




`g c ium. 
In 3 out of 4 cases, falls in the serum sodium 
concentration of an average of 17 mg. % were observed. 
The changes that occurred corresponded approximately 
to those found for plasma chlorides. 
otassium ar Ehosphorus. 
Serial estimations for serte potassium and 
phosphorus were only made in one case. The potassium 
concentration dropped from 21.3 mg. to 17.2 mg. per 
100 ml. serum by the 3rd day after operation and then 
returned to the pre - operative level. The inorganic 
phosphorus concentration fell from 3.5 to 2.0 mg. per 
100 ml. serum on the day after operation and then 
gradually returned to a normal level. 
131. 
DIb CUSS IÜ21. 
There can be little doubt that an enzymic 
hydrolysate of casein is an adequate source of protein 
food; the indications for its administration in 
preference to those of whole protein are, however, 
more difficult to find. 
Co Till_ et al. (1945) have claimed that protein 
hydrolysats have a specific action in the promotion 
of the healing of pectic ulcers. They considered that 
this was due mainly to the antacid properties of the 
protein hydrolysate. The secretagogue activity of 
protein hydrolysates has, however, been demonstrated 
and the antacid properties of the protein hydrolysate 
have been shown in vivo to be in no way superior to 
those of whole protein. The patients in the group 
described in this thesis were all well nourished, 
whereas Co Tui's patients were stated to be in a poor 
nutritional state. The giving of a high protein diet 
is known to promote wound healip (Clarke 1919) and it 
seems probable that the success of Co T"i's work, in 
contrast to that carried out in this hos,ital, may be 
attributed to the fact that the giving; of mas: ive closes 
of protein hydrolysate with adequate calories enabled 
the depleted protein reserves of his patients to be 
built / 
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built up more quickly than world have been possible uti 
a milk diet. The total daily nitrogen intakes of the 
patients studied here were certainly not as great as 
those of Co Tui's patients, but owing to the lin- 
-paliatibility of the Pronutrin, the patients were 
unable to tolerate larger quantities; it is therefore 
possible that the differences in the two regimes may 
also have been responsible for the difference in the 
results obtained. The absorption of ',hole protein 
by peptic ulcer patients was not app <a.rently impaired 
so that the giving of Fronutrin to such ÿ atients world 
only be justified if a sufficiently high protein 
intake could not be obtained -using milk and dried 
milIpo:.der. It is sug. vested that Co Tri's resrl ..s 
were due to the administration of a diet with a very 
high nitrogen content to poorly nourished patients, 
and that the supplying of the nitrogen in the form of 
protein hydrolysate was merely incidental. 
On theoretical grounds it seemed that oral 
protein hydrolysates, such as Pron'trin, would be of 
benefit to those whose ability to absorb whole protein 
was impaired, and accordingly two patients suffering 
from steatorrhoea were given 110 g. Pronutrin per day 
in addition to their ordinary diet. The proportion 
of dietary nitrogen which appeared in the faeces 
remained / 
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emained almost unaltered, so that it was evident that 
he Pronutrin had been of use only in providing a 
concentrated form of protein food which could be taken 
in addition to a normal diet. ';hen given to two 
cases of anorexia nervosa there a speared to be no 
ifference in the metabolism of Pronutrin and whole 
protein, so again no specific beneficial effect was 
observed. 
Co Ti,i et al. (1944) also claimed to have used 
protein hydrolysates successfully in post- operative 
feeding after partial gastrectomy, and again using 
Pronutrin it was impossible to agree with their find- 
ings. The feeding of Pronutrin and glucose by 
intubation directly after operation stimulated gastric 
secretion to such an undesirable extent that its 
administration had to be stopped before any assessm.nl 
of its nutritional value could be made. To 
difficulties in the absorption of the Pronutrin were 
encountered,but then neither were they in respect of 
whole protein when given in the form of a milk mixtur 
Using the milk mixture it was possible to give 90 g. 
protein and 1,800 calories per day, without most of 
the unpleasantness that accompanies the administratio 
of Pronutrin and accordingly, this method of feeding 
-,;as employed to study the effects of feeding on the 
protein / 
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-protein catabolic phase. The quantities given were not 
sufficient to abolish the protein catabolic phase, but 
the cumulative nitrogen loses of the patients in this 
group were considerably less than those found with 
patients who were given only gradual feeding after 
operation. 
Pronutrin was also given to four patients before 
operation in an endeavour to build up their r:rotein 
reserves and thus to improve their ability to :.ithstand 
the operation. High positive nitrogen balances 
indicated that the patients had absorbed the rotein 
hydrolysate and ,utilised it for anabolism; the nitroge 
losses after operation were not any greater than those 
found with the control group of patients so that it 
appeared as if the Pronutrin had been stored as tissue 
proteins, though weight changes were slight. No 
ifferences in clinical findings or weight losses were 
ecorded as the result of this extra pre -operative 
feeding, so that for patients whose nutrition is good 
it did not seem to have any advantages. 
It is impossible to begin normal feeding by mouth 
irectly after the operation for partial gastrectomy, 
so that r:arenteral administration of protein hydrolysates 
would / 
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would appear to be of value in preventing at least some 
of the usual losses of nitrogen after operation. 
Whether the prevention of the protein catabolic phase's 
after operation is desirable is a debatable point, but 
American workers including Co iii (1944) and Eiegal 
(1947) have been able to obtain positive nitrogen 
balances in the immediate post - operative period by the 
intravenous administration of considerable quantities 
of protein hydrolysate and glucose; intakes of more 
than L1 g. nitrogen together with 2,500 calories to 
3,000 calories per day were, however, found to be 
necessary. The administration of the British 
preparation, Casydrol, to patients after operation did 
n_ :t, however, appear to benefit the patients clinically 
or to minimise the losses due to protein catabolis_ .. 
This lack of success can be attributed in part to the 
fact that the amounts used were less than those used 
in the U.S.A. and also to the fact that of the 14 - 17:.. 
nitrogen given each day less than 6N was actually 
metabolised, and of that which was metabolised, some 
would necessarily have been used for energy purposes 
on account of an inadequate caloric supply. The 
results from one experiment suggested that Amigen is 
better utilised by the human body after operation than 
Casydrol. Further confirmation is, however, necessar 
before concluding that the fault lay with the preparat 
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preparation of the protein hydrolysate, especially as 
the three medical cases appeared to be able to 
metabolise the Casydrol fairly efficiently; this may 
have been due to their being in a poor nutritional 
state (Silber 1946). 
The quantities of nitrogen given in the milk 
mixture (average 14.4 g. nitrogen per day) were on the 
whole less than those given as Casydrol, but there is 
no doubt that the whole protein was better utilised 
than the protein hydrolysate. Other workers have als 
shown that intravenous feeding is inferior to oral 
feeding at the same level of nitrogen intake (hiegal 
1945, Kozoll 1946, 1947, L!ok 1948) ',dhat- 
-ever the route of administration, amino acids are 
quickly removed from the circulation, so that it is 
difficult to explain the differences in the results 
beyond speculating that they are caused by the amino 
acids from the infusion fluid going into the general 
circulation and so not direct to the liver, while the 
amino acids from the food go into the portal circulat- 
ion. Excessive losses of nitrogen in the urine after 
operation have been shown to be accompanied by a fall 
in the amount of circ elating plasma albumin. Weech 
(1938) has shown that the potency of varions food stuf s 
for albumin regeneration varies, beef serum and egg 
white / 
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white being superior to beef mscle and casein. 1-Lt is 
therefore possible that other protein hydrolysates could 
be used which might be better utilised than that of 
casein. Wienstein (1943) has retorted on the safe 
intravenous administration of an enzymic digest of 
bovine blood; it contained 505L of its total nitrogen 
as amino acid nitrogen, none of which was apparently 
excreted in the iir ine.K.°ishs:nan (1944), for the treat 
-1 gent of famine victims in India, used a papain digest 
of ..ork. Christensen (1947) has shown that the peptid 
portion of fibrin hydrolysates given intravenously is 
better utilised than that of casein hydrolysates. 
i ozoll (1946) has incorporated an odourless and tasteless 
partial alkaline degradation product of lactalb',min as 
a sl,spension in solid or liquid food in order to give 
high protein diets after operation; psin" this product 
(Essenamine), he has been able to obtain positive 
nitrogen balances of 1 - 20 g. nitrogen soon after 
operation without any of the disturbing side effects 
associated with intubation feeding or intravenous 
administration of casein protein hydrolysates. The us 
of mixtures of synthetic amino acids has also been 
attempted (Werner 1947), and again if sufficient 
quantities are given it has been found possible to 
obtain positive nitrogen balances immediately after 
gastric / 
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gastric operations. One of the main difficulties 
incurred in the parenteral administration of protein 
hydrolysates has been to give sufficient calories, and 
in an attempt to overcome this difficulty a homogeneous 
emulsion has been prepared from gelatine, amino acid 
solution, glucose and edible coconut oil which has been 
given as an intravenous infusion to animals and two 
medical cases (Shafiroff and Frank 1947) . No known 
reports of its use in surgical patients have yet been 
made, but it may well prove to be of considerable value 
if the preparation can be perfected to avoid reactions. 
Nitrogen losses after operation could not be 
correlated with the very variable weight losses on 
account of accompanying changes in fluid balance. In 
agreement with other workers (Howard and Eason 1946, 
Browne 1945) it was found that these losses were less 
in the debilitated patients. Cuthbertson and ;.:unto 
(1943) have suggested that some of the nitrogen losses 
after operation result from storage protein, po"sibly 
as labile liver cytoplasm (Kosterlitz 1944), so that a 
small loss indicates a lack of storage proteins. 
Whichever method of feeding after operation is 
employed, it is obvious that, in order to obtain nitrog 




are required than are normally necessary. A .7 s"ll11.ng 
the truth of the concept of the "dynamic state of body 
structure" proposed by Schoenheimer (1942), it appears 
that after oleration the rate of protein catabolism is 
increased, while the rate of protein anabolism remains 
ormai; thus, a ;t_lying the Law of Mass Action, for an 
instance of tissue, equilibrium will only be obtained i l 
he mass of amino acids available for rotein synthesis 
is increased. 
Cuthbertson (1945) has suggested that the occurren . 
of the - protein catabolic phase was due to tire raiding o 
the body for a supply of amino acids necessary for 
reparative processes, and for mobilisation of ox disabld 
atsrial to enhance metabolism of healing processes. 
It is possible, therefore, that there is an increased 
emand for particular amino acids, but attempts to 
ascertain this have so far been unsuccessful. Croft 
and Peters (1945) have described experiments in which 
the nitrogen losses of rats with burns were reduced by 
the administration of methionine, but this nitrogen 
sparing effect of methionine has not been confirmed in 
humans (Allison 1947), and lately Sellers and Best 





After operation it has been shown that, whereas 
the excretion of 17 keto -steroids is only increased 
within the first 24 - 48 hours (Fprbes 1947) , the 
excretion of cortico- steroids in the urine increased 
for a considerably longer period (Talbot 1947) . This 
production of cortico- steroids has been considered to b 
an essential part of the body's defensive mechanism to 
traumia (Selye 1946) and its increased excretion ap,.earsi 
to indicate hyper- activity of the adrenal cortex. 
Corticosterone is probably identical with the "S" 
hormone and if so is concerned with increased protein 
catabolism. The similarity between adrenal insufficiency 
and traumatic shock have been discussed by Clarke and 
Cleghorn (1942), while Larget arid Lamare (1941) have 
considered adrenal insufficiency to be a :robable cause 
of the "Maladie Post- Operatoire'! . The changes of bloo 
chemistry found after operation in this study were 
almost identical with those described in this syndrome, 
which suggests that either the causal factors are 
probably the same, or that the blood changes are the 
result of adrenal cortical hyper- activity. 
The periods of increased cortico- steroid excretion 
and increased nitrogen excretion do not always occur at 
exactly the same time (yenning 1944), and whereas in- 
-jections of pituitary corticotrophic hormone stimulate 
urinary / 
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urinary cortico- steroid excretion, they have no effect 
on the urinary nitrogen excretion (;chenker and 
Stevenson 1943). Increased adrenal activity is, 
therefore, only one of several factors involved in 
protein catabolism. The adrenal cortex is also 
concerned with the control of salt and water metabolisn° 
so that hmxr- activity of the gland may be a possible 
reason for the inability of the patient to excrete 
sodium and chloride immediately after operation at 
aproximately the same times as urinary nitrogen 
excretion is increased. 
Borst (1949) has associated the reduction of 
urinary excretion of water and sodium chloride after 
operation with a reduction of cardiac output. He 
considers that retention of water and salt is not due 
to disturbances in the function of the kidney, but is 
an adaptation to the circulator y requirements by a 
hyper -function of the tubules. The retention of the 
saline is a defensive measure of the body against a 
reduced circulating blood volume so that only when the 
cardiac output is normal is the sodium chloride c ompl e . e 
-ly excreted. To measurements of cardiac output were 
made on patients in this study, but it is perhaps 
relevant to note that in four patients, on whom salt 
balances were made, the days on which minimum albumin 
concentration, / 
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concentration, minimum packed cell volume anr' maxim,'::: 
chloride shift fror cells to plasma were observed, were 
almost identical ,:pith the days on which salt retention 
ended. Improveents in the com.osition of the blood 
likely to result in an increased cardiac output were, 
therefore, associated with the termination of salt 
retention. 
The importance of sodium as a consti tnen_t of the 
extracellular fl,id is wellknown. Animal experiments 
have shown that after trauma there is an accrmulaticn o: 
ex tracellul:.r fluid in the traumatised area, an exc .arg 
of sodi r -i for the intracellular potas . i'im and a loss of 
potassirm fro:. , the injured tissue (osthenal and Tabor 
1945, rlicca 1945, and Fox 1M7). There is, therefore, 
an increased demand for sodium after trauma if the 
critical level of the volume of extracellular fl id is 
to be maintained. It is for this reason that rcCarthe 
and Parkins (1947) have considered that the vali'e of 
infusion fluids administered after trauma is rely ted to 
their sodium content. 
The development of an increased capillary 
permeability at the site of trauma has been considered 
to account for the decrease of circulating albumin 
(Howland and ra.honey 1948) , and it may be concerned with 
the / 
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the increase of salt and water in th . tissues. The 
giving of saline infusions after operation may help to 
maintain the volume of extracellular fluid at a normal 
level, but at the same time it may also increase the 
amount of salt and water accumulating in the traumatis:d 
tissue. The problem that arises is how best to balan.e 
the extracellular fluid requirements with the zreventi on 
of excess saline in the traumatised tissue. 
The complexity of the changes in salt metabolism 
which result from operation is obvious. It is, there 
-fore, not surprising that no simple chemical estimati.n 
is of use in indicating the salt requirements of the 
patient at this time. The chloride concentration of 
the blood may give an erroneous impression, since salt 
retention has been observed with both raised and 
depressed values. Lack of salt in the urine is likeww se 
no indication that the patient has not been given an 
adequate salt intake, since, for a variety of reasons, 
the patient is unable to excrete salt in the immediate 
post - operative period. A further knowledge of the 
problems involved is, therefore, required before a sim, le 
procedure can be found which will give the clinician 
a clear idea of his patients' salt requirements. 
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1. Nitrogen and Salt Balances. 
ú. Blood Chemistry. 
154. 
AB : Vl.tÏ1 1ìà . 
T.P. = Total Plasma Protein, g /100 ml.plasma. 
Alb. = Albumin, g /100 ml. plasma. 
Glob. - Globulin, g /100 ml. plasma. 
N.P.N. = Non Protein Nitrogen, g /100 ml. plasma. 
Blood Urea Nitrogen, mg. /100 ml. blood. 
P.U.N. s Plasma Urea Nitrogen, mg. /100 ml. plasma. 
B.A.N. Blood Amino Acid Nitrogen, mg. /100 mî. 
blood. 
P.A.N. Plasma Amino Acid Nitrogen, mg. /100 ml. 
plasma. 
Great. = Creatinine, mg. /100 ml. blood. 
U.A. = Uric Acid, mg. /100 ml. blood. 
Bl.Cl. - Blood Chloride (as NaC1), mg. /100 ml. 
blood. 
P.Cl. - Plasma Chloride (as NaCl), mg. /100 ml. 
plasma. 
Na. Sodium, mg . /100 ml. serum. 
K. = Potassium, mg. /100 ml. serum. 
P. = Phosphorus, mg./100 ml. serum. 
CO2CP Carbon Dioxide Combining Power, vols.% 
Hb. Haemoglobin. 
Red Blood Cells /c.mm., in millions. 
P.C.V. = Packed Cell Volume. 
All figures in the nitrogen and chloride balance 
charts refer to gramms unless otherwise stated. 
Temperatures above 98.4 °F. have been recorded. 
CASE No.l. 














June 24 56 125 70 240 2314 23.96 1865 14.02 3.72 17.74 5.22 128.25 
25 56 125 70 240 2314 23.96 2060 17.80 1.41 19.21 4.75 
26 56 125 70 240 2314 23.96 2295 17.83 2.45 20.28 3.68 
27 56 125 70 240 2314 23.96. 1610 16.18 nil 16.18 7.78 
28 56 125 70 240 2314 23.96 1690 combined 21.25 2.71 
29 56 125 70 240 2314 23.96 2050 17.10 nil 17.10 6.86 
30 56 125 70 240 2314 23.96 2010 combined 25.80 1.84 
July 1 56 125 70 240 2314 23.96 2090 15.95 1.14 17.09 6.87 129.75 
2 56 125 70 240 2314 23.96 1910 18.30 nil 18.30 5.66 
3 56 125 70 240 2314 23.96 2270 19.97 0.57 20.54 3.42 
4 56 125 70 240 2314 23.96 2650 24.90 0.72 25.62 1.66 
5 56 125 70 240 2314 23.96 1500 13.74 3.08 16.82 7.14 
6 56 125 70 240 2314 23.96 2200 21.00 nil 21.00 2.96 
7 56 125 70 240 2314 23.96 2320 21.60 4.48 26.08 2.14 
8 56 125 70 240 2314 23.96 2120 19.10 0.99 20.09 3.87 129.65 
9 56 125 70 240 2314 23.96 2310 16.60 4.22 20.82 3.14 
10 56 125 70 240 2314 23.96 3240 22.20 nil 22.20 1.76 
11 56 125 70 240 2314 23.96 1860 18.80 0.42 19.22 4.74 
12 56 125 70 240 2314 23.96 2200 19.45 nil 19.45 4.51 
13 56 125 70 240 2314 23.96 2530 18.20 3.66 21.86 2.10 
14 56 125 70 240 2314 23.96 2300 20.10 3.08 23.18 .18 129.65 
CASE No. 2. 
















Aug.30 65 110 87 314 2739 23.60 2240 17.70 nil 17.70 5.90 117.5 
31 65 110 87 314 2739 23.60 2480 16.35 1.12 17.47 6.13 
Sept. 1 65 110 87 314 2739 23.60 1560 10.40 3.14 13.54 10.06 
2 65 110 87 314 2739 23.60 2720 22.25 nil 22.25 1.35 118.5 
3 65 110 87 314 2739 23.60 1780 16.02 1.90 17.92 5.68 
4 65 110 87 314 2739 23.60 2550 21.80 nil 21.80 1.80 
5 65 110 87 314 2739 23.60 2310 19.50 2.08 21.58 2.02 
6 65 110 87 314 2739 23.60 2590 15.00 0.22 15.22 8.38 
7 65 110 87 314 2739 23.60 1790 17.10 1.92 19.02 4.58 
8 65 110 87 314 2739 23.60, 2440 21.45 1.17 22.62 0.98 
9 65 110 87 314 2739 23.60 1480 8.75 1.26 10.01 13.59 117.5 
10 65 110 87 314 2739 23.60 1710 16.96 3.58 20.54 3.06 
11 65 110 87 314 2739 23.60 2490 24.70 nil 24.70 1.10 
12 65 110 87 314 2739 23.60 2370 15.20 nil 15.20 8.40 
13 65 110 87 314 2739 23.60 2200 19.10 1.10 20.20 3.40 
14 65 110 87 314 2739 23.60 2200 22.20 1.22 23.42 0.18 
15 65 110 87 314 2739 23.60 2520 19.60 1.93 21.53 2.07 118 
CASE No. 3. 
















Aua;. 27 65 110 87 314 2739 23.60 960 15.90 1.40 17.30 6.30 125.25 
28 65 110 87 314 2739 23.60 1280 20.90 5.60 26.50 2.90 
29 65 110 87 314 2739 23.60 2040 24.20 nil 24.20 0.60 
30 65 110 87 314 2739 23.60 1400 21.80 nil 21.80 1.80 
31 6F 110 87 314 2739 23.60 2240 26.80 3.18 29.98 6.42 
Sept. 1 65 110 87 314 2739 23.60 890 13.20 nil 13.20 10.40 
2 65 110 87 314 2739 23.60 1420 17.75 nil 17.75 5.80 126.5 
3 65 110 87 314 2739 23.60 1590 17.75 2.92 20.67 2.93 
4 65 110 87 314 2739 23.60 1490 20.20 nil 20.20 3.40 
5 6 110 87 314 2739 23.60 1610 18.80 1.46 20.26 3.34 
6 65 110 87 314 2739 23.60 1780 20.70 nil 20.70 2.90 
7 65 110 87 314 2739 23.60 1350 20.30 nil 20.30 3.30 
8 65 110 87 314 2739 23.60 1870 23.80 3.18 26.98 3.38 128 
9 65 110 87 314 2739 23.60 1240 15.55 nil 15.55 8.05 
10 65 110 87 314 2739 23.60 1300 21.50 1.10 22.60 1.00 
11 65 110 87 314 2739 23.60 1700 22.20 1.26 23.46 0.14 
12 65 110 87 314 2739 23.60 1400 21.80 1.16 22.96 0.64 
13 65 110 87 314 2739 23.60 1280 19.15 nil 19.15 4.45 
14 65 110 87 314 2739 23.60 1400 20.10 nil 20.10 3.50 
15 65 110 87 314 2739 23.60 1670 19.80 nil 19.80 3.80 128 
CASE No. 4 HeiPht : 5 ft. 7 ins. 
n OUTPUT N BALANCE 
DiTE PROT. PI ÿ1ìT GARB. CALS. TOTAL N URINE URINE STOOL TOTAL + - WEIGHT. 
INTAKE VOL. N N 1CRETION in LBS. 
Aug. 4 57 120 67 235 2251 23.52 1950 26.60 .33 26.93 3.38 125.8 
5 57 120 67 235 2251 23.52 155C 17.20 nil 17.20 6.32 
6 57 120 67 235 2251 23.52 880 15.84 3.42 19.26 4.26 
7 57 120 67 235 2251 23.52 1320 12.60 nil 12.60 10.92 126. 7 
8 57 120 67 235 2251 23.52 1710 23.80 2.62 26.42 2.90 
9 57 120 67 235 2251 23.52 1330 25.80 1.05 26.85 3.33 
10 57 120 67 235 2251 23.52 1600 14.90 nil 14.90 8.62 
11 57 120 67 235 2251 23.52 2230 23.40 nil 23.40 .12 
12 57 120 67 235 2251 23.52 1610 23.70 2.86 26.56 3. 04 124 
13 57 120 67 235 2251 23.52 2450 17.50 nil 17.50 6.02 
14 57 120 67 235 2251 23.52 1610 14.90 3.12 18.02 5.50 
15 57 120 67 235 2251 23.52 2320 25.00 nil 25.00 1.48 
16 57 120 67 235 2251 23.52 2215 21.50 3.00 24.50 0.98 
17 / 
CASE No. 4 (Contd.) 
OUTPUT N BALANCE 
JATE PROT. PN FAT CARB.CriLS. TOTAL N URINE URINE STOOL TOTAL + 
INTAKE VOL. N N EXCRETION 
- WEIGHT 
in LBS. 
;pug;. 17 102 120 121 330 3297 30.72 2030 21.80 3.04 24.84 5.88 
18 102 120 121 330 3297 30.72 1900 28.80 1.12 29.92 0.80 
19 102 120 121 330 3297 30.72 2060 24.00 3.16 27.16 3.56 
20 102 120 121 330 3297 30.72 2460 28.00 1.60 29.60 1.12 
21 102 120 121 330 3297 30.72 -2550 24.00 2.80 26.80 3.92 
Sept. 8 65 110 87 314 2739 23.60 2410 15.20 1.42 16.62 6.98 
9 65 110 87 314 2739 23.60 2660 17.60 0.58 18.18 5.42 
10 65 110 87 314 2739 23.60 2370 16.50 nil 16.50 7.10 
11 65 110 87 314 2739 23.60 2380 19.40 nil 19.40 4.20 
12 65 110 87 314 2739 23.60 2630 18.10 1.15 19. 25 4.35 
Casein 
13 65 110 87 314 2739 23.60 2760 19.65 ril 19.65 3.95 




CASE No. 4 (Contd. ) 
INTAKE OUTPUT N BALkNCE 
DATE PROT. PN FAT CAPRB.CALS. TOTAL N URINE URINE STOOL TOTAL + - WEIGHT 
INTAKE VOL. N N EXCRETION in IBS. 
Sept.15 65 110 87 314 2739 23.60 2390 17.60 nil 17.60 6.00 
16 65 110 87 314 2739 23.60 2400 16.25 2.24 18.49 5.11 128 
17 65 110 87 314 2739 23.60 2080 20.15 nil 20.15 3.45 
18 65 110 87 314 2739 23.60 2380 20.60 2.86 23.46 0.14 
19 65 110 87 314 2739 23.60 2150 19.30 nil 19.30 4.30 
20 65 110 87 314 2739 23.60 2560 19.30 nil 19.30 4.30 
21 65 110 87 314 2739 23.60 1430 19.10 3.80 22.90 0.70 
PronutLin 
22 65 110 87 314 2739 23.60 1650 28.20 nil 28.20 4.60 
23 65 110 87 314 2739 23.60 1840 21.80 3.12 24.92 1. 30 128 
24 65 110 87 314 2739 23.60 1900 19.80 nil 19.80 3.80 
25 65 110 87 314 2739 23.60 1750 19.80 3.46 23.26 0.34 
26 65 110 87 314 2739 23.60 1840 16.70 1.08 17.78 5.82 
27 65 110 87 314 2739 23.60 2000 22.40 0.92 23.32 0.28 
28 65 110 87 314 2739 23.60 1460 14.68 3.88 18.56 5.04 
29 
CASE No. 4 (Contd. ) 
INTAKE OUTPUT N BALANCE 
DATE PROT. PN FAT 0013.CALS. TOTAL N URINE URINE STOOL TOTAL + - WEIGHT 
INTAKE VOL. N N EXCRETION in LBS. 
Sept. 29 65 110 87 314 2739 23.60 1350 15.70 nil 15.70 7.90 
30 65 110 87 314 2739 23.60 1680 17.00 1.82 18.82 4.78 
Oct. 1 65 110 87 314 2739 23. 60 2650 18.55 nil 18.55 5.05 
2 65 110 87 314 2739 23.60 1860 18.60 3.36 21.96 2.04 
3 65 110 87 314 2739 23.60 1650 13.05 2.60 15.65 7.95 
4 65 110 87 314 2739 23.60 1450 15.65 0.42 16.07 7.53 
5 65 110 87 314 2739 23.60 2500 21.48 nil 21.48 2.12 
6 92 110 117 393 3442 27.92 2256 20.3 2.32 22.62 5.28 
7 92 110 117 383 3402 27.92 1630 22.40 0.24 22.64 5.26 
8 92 110 117 383 3402 27.92 2660 23.18 1.33 24.51 3.39 




Height 5 ft. 6 ins. 
CASE No. 5. 
DATE PROTEIN PRONUTRIN FAT CARBO. CALS. TOTAL URINE URINE STOOL TOTAL N N BALANCE ':`HEIGHT IN 
N INTAKE VOL. N N EXCRETION + - LBS. 
Oct. 28 66 160 70 337 2882 29.76 1520 19.15 0.78 19.93 9.83 133 
29 66 160 70 337 2882 29.76 1080 18.87 1.60 20.47 9.29 
30 66 160 70 337 2882 29.76 1865 31.20 0.94 32.14 2.38 
31 66 160 70 337 2882 29.76 1745 35.20 1.83 37.03 7.27 
Nov. 1 66 160 70 337 2882 29.76 1740 28.90 1.06 29.96 0.20 
2 66 240 70 337 3202 39.36 1510 16.80 2.36 19.16 20.20 
3 66 '240 70 337 3202 39.36 1990 40.80 2.78 43.58 4.22 
4 48 180 45 149 1813 29.28 1310 28.60 1.70 30.10 0.82 135 
5 66 240 70 337 3202 39.36 1560 34.10 0.34 34.44 4.92 
6 66 240 70 337 3202 39.36 1810 39.20 nil 39.20 0.16 
7 66 240 70 337 3184 39.36 1810 38.50 1.80 40.30 0.94 
8 66 240 68 337 3202 39.36 1720 35.00 2.22 37.22 2.14 
9 66 240 70 337 3202 39.36 2070 39.50 2.00 41.50 2.14 
10 66 240 70 337 3202 39.36 1900 36.41 nil 36.41 2.95 
11 66 240 70 337 3202 39.36 2180 41.60 nil 41.60 2.24 137 
12 66 240 70 337 3202 39.36 1900 40.20 1.10 41.30 1.94 
13 66 90 70 337 2602 21.36 2610 37.88 2.56 40.44 19.04 
14 66 - 70 337 2242 10.56 1260 15.50 1.22 16.72 6.16 136 
CASE No. 6 
DATE PROTEIN PRONUTN INTO URINE N STOOL N N LOSS N BALANCE WEIGHT IN LBS. 
+ 
















80 12. 96 16. 25 . 8 17. 05 4. 09 121. 8 
80 12. 96 11. 30 1. 5 12. 80 0. 16 
80 12. 96 16. 00 1. 55 16. 55 3. 59 
80 12.96 14.50 0.8 15.38 2.42 121.8 
80 12.96 15.5 nil 15.50 2.54 
80 12. 96 14. 60 1. 4 16. 00 3. 04 
80 12. 96 11. 20 1. 3 12. 50 O. 46 
80 12. 96 12. 2 0. 9 13. 10 0. 14 
80 12. 96 12.0 0. 4 12. 40 0. 56 
80 12. 96 13. 30 1. 2 14. 50 1. 54 
80 12.96 13.50 0.7 14.20 1.24 119.8 
80 12. 96 15. 60 1. 2 16. 80 3. 84 
80 12.96 11. 30 1. 4 12. 70 0. 26 
80 12. 96 11. 20 1. 2 12. 40 0. 56 
125 26. 20 13.0 0. 4 13. 40 12.80 
CASE No. 6 (Contd. ) 
DATE PROTEIN PR01`tTRIN N INTAILE URINE N STOOL N N LOSS N BALANCE 
+ - 
WEIGHT IN LBS. 
May 11 70 125 26.20 12.40 2.3 14.70 11.50 
12 70 125 26.20 17.0 1.0 18.00 8.30 
13 70 125 26.20 17.50 1.7 18.20 8.00 
14 70 125 26.20 22.0 1.8 23.80 2.40 
15 70 125 26.20 21.6 1.4 23.00 3.20 
16 70 125 26.20 23.5 1.0 24.5 1.70 
17 70 125 26.20 17.8 3.0 20.8 5.40 
18 70 125 26.20 22.4 1.4 23.8 2.40 
19 70 125 26.20 21.0 0.5 21.5 4.70 
20 70 125 26.20 16.75 3.0 19.75 6.45 
21 70 125 26. 20 14. 80 nil 14. 80 11. 40 
22 70 125 26.20 25.60 0.7 26.30 
23 70 125 26.20 21.20 2.5 23.7 2.50 
24 70 125 26.20 2C.3 1.4 21.7 4.50 
25 70 125 26.20 24.0 1.6 25.6 0.60 




CASE No. 6 (Contd. ) 
DATE PROTEIr 'RC t/MIN N INTAKE URINE N STOOL N N LOSS N BALANCE WEIGHT IN LBS. 
+ 
Fay 27 165 - 26.40 17.6 1.3 18.9 7.50_ 120 
28 165 - 26.40 18.5 1.8 20.3 6.10 
29 165 - 26.40 17.0 nil 17.0 9.40 
30 165 - 26.40 14.0 0 3.3 17.3 9.10 
31 165 - 26.40 8.00 2.6 10.6 15.80 
Tune 1 165 - 26.40 11.50 nil 11.50 14.90 
2 165 - 26.40 12.60 3.8 16.40 8.0 
3 165 - 26.40 12.40 nil 12.40 14.0 120.8 
4 165 - 26.40 15.50 nil 15.50 10.90 
5 165 - 26.40 18.0 1.4 19.40 7.0 
6 165 - 26.40 15.0 0.9 15.90 10.50 
7 165 - 26.40 6.0 1.7 7.7 18.70 
8 165 - 26.40 15.3 nil 15.3 11.10 
9 165 - 26.40 16.3 1.6 17.9 8.50 
10 165 - 26.40 10.7 nil 10.7 15.70 126.5 
11 165 - 26.40 15.5 4.3 19.8 6.60 
12 165 - 26.40 12.5 1.4 13.9 12.50 
OASE N o . 7. Height: 5 ft. 5 ins. 
D,:-.TE ''RÜ'l'. 21T FAT CARB. CALS. N 
INTAKE 
URINE URIN'JE STOOL N 
7UL. N N EXCRETION 
N BALANCE WT. % FAT EIGHT 
-i- _ DRIED FAT IN EXCRETED IN LBS. 
STOOL STOOL 
June lU 145 _ 36 319 2180 23.20 1555 9.89 1.10 10.99 12.21 18.08 16.7 3.03 101.5 
11 145 - 36 329 2220 23.20 2795 12.41 2.62 15.03 8.17 X9.11 11.0 4.30 
12 145 36 329 2220 23.20 1040 6.74 1.89 8.63 1-.c7 30.31 12.9 4.93 
13 49 - 38 333 2270 23.84 1520 11.43 1.38 13.31 10.53 31.46 17.2 5.04 
14 64 - 19 141 991 10.24 1260 11.79 1.18 12.97 2.77 not estimated 
15 145 - 36 329 2220 23.20 1120 7.21 4.48 11.69 11.51 196 15.1 29.50 
16 145 - 36 329 2220 23.20 2760 14.46 0.78 15.22 7.98 45.67 12.4 5.70 
17 145 - 36 329 2220 23.20 1910 12.68 2.98 1,5.66 7.54 103.34 20.8 21.45 102.3 
18 145 - 36 329 2220 23.20 1950 12.33 6.92 19.25 3.95 166.6 37.1 61.64 
19 145 - 36 329 2220 23.20 1680 10.48 nil 10.48 12.72 nil 
20 150 - 80 370 2640 27.20 2130 13.97 nil 13.97 10.03 nil 
21 150 - 80 330 2640 24.00 1750 8.82 3.74 12.56 11.44 68.79 17.11 8.96 
22 150 - 80 330 2640 24.00 2450 15.6Ei 1.32 17.52 6.48 77.65 27.'5 9.24 
27 150 - 80 330 2640 24.00 2060 13.76 nil 13.76 10.24 nil 
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OASE: No. L(Contd. ) 
LATE -JOT . rRO- FAT GARB. 
NUTRIN 
CALS. N URINE URINE STOOL N EX- 
INTAKE VOL. N N ORE- 
rED 
July 10 150 - d0 330 
11 103 55 81 326 
12 103 55 61 326 
13 103 55 61 326 
14 103 55 81 36 
15 103 55 81 326 
16 103 55 81 326 
17 103 55 81 326 
18 103 55 81 36 
19 103 55 81 36 
20 103 55 81 36 
21 103 55 61 326 
22 103 55 81 326 
23 103 110 81 326 

































N WT. % FAT FAT EX- WEIGHT 
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OASE: NO. 7 (Contd.) 
LATE rROT. 1:R0- FAT CARE. CALS. N URINE URINE STOOL N EX- N WT.OF % FAT FAT EX- WT. 
JTRId INTAKE VOL. N N ORE- BALANCE DRIED IN ORE- IN 
TION t- -- STOOL STOOL TION LBS. 
July 25 103 110 81 326 2885 29.68 2400 21.90 2.48 24.38 5.3o 57.75 21.2 12.30 
26 103 110 81 326 2885 29.68 2220 19.70 1.74 21.44 8.24 54.80 23.0 12.60 
27 103 110 81 326 2885 29.68 2450 22.10 2.42 24.52 5.16 54.91 26.6 14.60 
28 103 110 81 326 2865 29.68 2150 22.30 1.70 24.00 5.68 31.30 20.0 6.25 
29 103 110 81 326 2885 29.68 2450 20.20 3.66 23.86 5.52 77.46 16.2 12.45 
30 103 110 tit 326 2885 29.68 2500 27.10 1.67 28.77 0.91 29.84 22.6 7.85 116.9 
31 103 110 81 326 28d5 29.68 3500 28.70 3.48 32.18 2.50 72.71 16.6 11.92 
Aug. 1 103 110 81 326 2885 29.68 1630 23.40 3.22 27.62 2.06 66.89 17 11.35 
2 103 110 81 326 2885 29.68 2720 26.20 3.44 29.64 0.04 69.74 14.9 10.35 
CASE No. 8 IIei fht . 5 ft. 55 ins. 
DATE PROT. PRO- IT TRINE STOOL 
3.1JTRININ?TA.17: N ITT 
N 
CR TIOIú 
1T LAL LNC E FAT STOOL 
+ - INT.= FAT 
° "FAT IN WEIGHT 
- STOOL IN LBS. 
July 24 114 - 18. 24 14.84 3.08 17.92 0.32 94 24.2 34.3 110.2 
25 114 - 18.24 14.79 3.86 18.65 0.41 94 30.2 39.7 
26 114 - 18.24 12.60 5.0-0 17.60 0.64 94 42.2 29.8 
27 114 - 18.24 15.48 3.40 18.88 0.64 94 21.1 28.7 
28 114 110 31.44 14.80 4.60 19.40 12.04 94 48.1 46.6 
29 114 110 31.44 21.95 5.70 27.65 3.79 94 30.3 39.9 110.2 
30 114 110 31.44 17.78 4.98 22.76 8.68 94 41.2 44.8 
31 114 110 31.44 20.50 6.10 26.60 4.84 94 48.3 46.2 
Aug. 1 101 110 29. 36 22.50 6.28 28.78 0.58 78 76.0 48.7 
2 114 110 31.44 27.40 5.52 32.92 1.58 94 48.5 38.1 
3 114 110 31.44 23.10 4.92 28.02 3.42 94 32.8 58.4 
4 114 110 31.44 22.80 3.88 26.68 4.76 94 33.0 35.1 
5 112 110 31.12 26.60 3.64 30.24 0.88 94 43.5 47.6 113.8 
6 / 
CASE No. 8 ( Contó. ) 
DATE PROT. PRO- N 
:OJT g.N INTAKE 
URINE STOOL N 
N N om+XCRETION 
N BALANCE FAT STOOL % FAT 
+ - INT.r = FAT IN STOOL 
'.''iEIGHT 
IN LBS. 
Aug. 6 109 110 30.64 25.85 5.30 31. 15 0. 51 90 55.6 46.7 
7 107 110 30.32 21.70 6.28 27.98 2.34 92 62. 4 48. 4 
8 107 110 30.32 24.28 5.24 29.52 0.80 92 64. 4 53.1 
Casein 
9 107 110 30.32 26.20 12.60 38.80 8. 48 92 121. 6 44. 8 
Casein 
10 107 110 30.32 
zorìu?tTin 
19.00 4.42 23.42 6.90 92 33. 0 35. 0 
11 107 110 30.32 22.15 6.00 28.15 2.17 92 25. 3 25. 5 111. O 
CASE No. 9 . 
CARBO. CALS. N. INTAKE URINE 
VOL. 
URINE N 









DATE PROTEIN PRONUTRIN FAT 
Jan. 24 94 121 404 2281 15.05 1450 14.04 nil 14.04 1.01 92.75 
25 89 129 228 2290 14.24 1295 12.91 0.11 13.02 1.22 
26 70 114 210 2146 11.02 1590 9.34 nil 9.34 1.68 
27 74 50 134 206 2526 17.84 850 12.88 2.48 15.36 2.48 89 
28 61 50 92 133 1804 15.76 780 12.84 nil 12.84 2.92 
29 59 78 220 1818 9.44 1150 8.75 nil 8.75 0.69 
30 42 50 161 1262 6.72 1445 12.34 nil 12.34 5.62 
31 86 90 226 2058 13.78 1270 15.05 nil 15.05 1.27 
Feb. 1 90 117 247 2401 14.40 850 11.10 2.68 13.78 0.62 
2 61 60 90 189 1820 16.96 lost nil 
3 70 60 111 161 2163 18.40 955 17.05 0.26 17.31 1.09 
4 86 60 103 221 2395 20.96 930 16.08 2.0 18.08 2.88 89 
5 82 60 112 201 2380 20.32 1280 17.34 1.15 18.49 1.83 
6 72 66 102 266 2504 18.88 1350 15.20 0.75 15.95 2.93 
7 89 60 102 176 228 21.44 1280 18.53 nil 18.53 2.91 
8 50 60 91 168 1931 15.20 1130 16.63 2.24 18.87 3.61 
9 
25mß testesrone da 4y 150 1612 15.04 960 17.20 1.86 19.06 4.02 
10 59 60 70 163 1758 16.64 930 15.37 nil 15.37 1.27 
89.5 
CASE No. 10. 















Feb. 6 28 100 26 86 1090 16.08 1180 9.01 1.26 10.27 5.81 100 
7 33 100 21 75 1021 17.28 1910 18.68 1.74 20.42 3.14 
8 20 100 21 77 977 15.20 1280 16.16 4.40 20.56 5.36 
9 18 100 10 55 782 14.88 1280 16.09 nil 16.09 1.21 
10 13 100 12 66 824 14.08 1750 16.24 nil 16.24 2.1L 100.5 
11 8 100 6 168 1158 13.28 2110 16.42 0.37 16.79 3.51 
12 15 50 14 140 980 8.4 1490 11.92 0.33 12.25 3.85 
13 
25myi testesterone d 6ly 70 564 4.96 2060 7.99 0.87 8.86 3.90 
14 58 42 107 1038 9.28 2030 5.85 0.76 6.61 2.67 
15 46 57 110 1133 7.36 1565 8.01 0.04 9.05 1.69 
16 42 43 74 851 6.72 1810 6.41 1.00 7.41 0.69 99 
17 45 47 134 1139 7.20 930 7.23 1.16 8.39 1.19 
16 56 43 100 1011 8.95 1120 7.48 1.34 8.82 0.14- 
19 56 56 126 1232 8.96 1400 9.16 0.65 9.61 0.85 
20 47 40 92 916 7.52 790 7.96 0.04 8.00 0.48 
21 51 
1000cc. 
Casydrol. 46 100 1018 14.29 1210 
7.26 0.90 8.16 6.13 
22 750cc. 42 
Casydrol. 122 1102 14.05 3700 13.10 0.53 13.63 
0.42 
23 
Tgitesterone stoppe 139 1457 9.75 2490 4.38 nil 4.38 5.37 
24 49 41 148 1157 7.84 2520 7.66 nil 7.66 0.18 
25 53 50 152 1270 8.48 3350 8.15 0.36 8.51 .03 
26 50 50 157 1278 8.00 2400 5.76 1.46 7.22 0.78 
27 48 53 162 1317 7.68 2600 7.69 2.12 9.81 2.23 
28 56 50 154 1290 8.96 2260 8.60 0.36 8.96 0 
Mar. 1 53 47 133 1167 8.50 1970 10.16 0.71 10.87 2.37 
2 56 46 140 1252 8.96 2270 10.26 0.32 10.58 1.62 
3 56 49 140 1225 6.96 2160 7.01 0.61 7.62 1.34 98 
4 55 49 144 1237 8.80 2510 10.30 0.70 11.00 2.20 
5 54 52 136 1228 8.64 2010 10.93 0.70 11.63 
2.99 
CASE No . 11 . 
INTAKE 
d'leight : 9 st . 12 lbs. Height : 5 ft. 9 ins . 




o . of 
Casydrol 
in ml . 
Prot. Fat . Carb o- 
h drate 











July 13. 125 96 388 2916 20 2020 14.10 2.01 16.11 3.89 
14. 125 96 388 2916 20 1900 13.90 Nil 13.9 6.10 
15. 125 96 388 2916 20 1470 14.38 2.75 17.13 2.87 
16. 125 96 388 2916 20 2250 17.15 3.11 20.26 0.26 
17. 125 96 388 2916 20 1830 14.98 1.89 16.87 3.13 
18. 125 96 388 2916 20 2140 19.98 1.95 21.93 1.93 
19. 125 96 388 2916 20 2020 13.80 2.29 16.09 3.71 
20. 125 96 388 2916 20 2080 19.70 3.52 23.22 3.22 
21. 125 96 388 2916 20 1380 12.75 1.75 14.50 5.50 
22. 1080 125 96 388 2916 27.08 4010 23.65 2.85 26.50 0.58 
23. 1080 125 96 388 2916 27.08 2670 16.82 2.80 19.62 7.46 
24. 150 125 96 388 2916 20.99 2310 19.00 2.61 21.61 0.62 
25. 1080 119 90 388 2916 26.12 2460 16.40 2.17 18.57 7.55 
26. 119 90 388 2916 19.04 1650 17.16 3.21 20.37 1.33 
27. 125 96 388 2916 20 1770 17.39 2.43 19.82 0.18 
28. 125 96 388 2916 20 1800 16.39 2.83 19.22 0.78 
29. 125 96 388 2916 20 2320 19.72 1.79 21.51 1.51 
30. 125 96 388 2916 20 2050 18.45 3.11 21.56 1.56 
CASE No . 11. 
CASYDROL 



























July 18 . 20 20 19.98 16.94 0.70 1.67 
19. 20 20 13.80 11.72 0.73 1.73 
20. 20 20 19.70 17.10 0.58 1.28 
21. 20 20 12.75 11.02 0.41 
22. 11 .30 hrs . 5 .6 0.53 
13.30 hrs . 6.9 0.27 
14.30 hrs . 6.1 0.33 
15 .30 hrs . 5.6 - 
16 .30 hrs . 5.4 0.23 
20 .30 hr s . 5.6 1.12 
- 08 hrs. 0.77 
Total 7.08 3.56 1..74 20 27.08 23.65 Lost 3.25 2.45 
23. 5.6 7.08 3.56 1.74 20 27.08 16.82 13.32 1.55 3.15 
24. 5.6 0.99 0.49 0.25 20 20.99 19.00 15.76 0.92 2.40 
5.6 
25. 7.8 7.08 3.56 1.74 19.04 26.12 16.40 12.30 1.17 0.80 
26. 19.04 19.04 17.16 14.40 0.92 0 .60 
27 . 20 20 17.39 14.27 0 .73 0,90 
28. 5.6 20 20 16.39 0.88 
CASE No. 12. 
INTAKE URINE 
DATE VOL. OF 
CASYDOL 








1947 July 3 1145 6.64 0.33 3.37 
4 1050 7.66 0.43 
5 850 8.67 0.38 3.94 
6 740 8.62 0.34 2.78 
7 1620 10.65 5.35 627 7.49 0.53 0.59 
8 540 3.55 1.78 965 12.40 0.54 0.66 
9 540 3.55 1.78 965 8.94 1.01 0.81 
10 1160 8.98 1.02 0.19 
11 1290 5.26 0.39 0.21 
CASE NO . 13 . 





asma V o1 , of 
Urea N Albumin Globulin Casydrol Total 













June 20. Nil Nil 390 5.46 0.18 5.46 
21. 5.1 il) 21 
6.6 (2) 21 3.50 3.60 2160 14.20 7.14 3.46 1230 8.98 5.70 0.58 2.48 5.19 
22. 5.2 20 2160 14.20 7.14 3.46 1570 6.90 4.96 0.66 1.09 7.27 
23. 4.8 20 2160 14.20 7.14 3.46 2175 12.68 5.94 1.20 5.48 1.49 
24. 4.9 15 1080 7.08 3.56 1.73 1290 9.58 5.74 1.52 3.22 2.50 
25. 1780 11.70 5.85 2.85 1990 13.98 8.35 1.26 3.71 2.30 
26. 4.9 19 2.40 2.90 270 1.77 0.89 0.43 1190 9.60 6.52 0.39 2.71 7.83 
27. Nil 800 5.68 3.90 0.18 1.46 5.68 
28 . 1620 10.65 5.35 2.59 790 6.13 ' 3.94 0.40 2.07 3.50 
29. 1080 7.08 3.57 1.73 1900 10.50 6.16 0.44 3.52 3.42 
CASE No. 14. 
INTAKE OUTPUT N BALANCE 
DATE TROT. FAT OÄR3. CALS. N URINE URINE STOOL SUCTION N + 
INTAKE VOL. N N N LOSS 
Dec. 2 104 115 284 2587 16.64 940 14.06 1.98 - 16.04 0.6 
3 104 115 284 2587 16.64 980 14.03 0.79 - 14.82 1.82 
4 107 115 295 2643 17.12 1650 13.8 0.3 lost 14.1 3.02 
5 Operation 660 5.48 3.92 9.40 9.40 
6 nil 1100 18.26 nil 2.57 20.63 20.63 
7 18 17 48 417 2.88 500 11.18 nil 1.52 12.7 9.82 
8 19 18 49 434 3.04 890 23.7 nil nil 23.7 20.66 
9 33 38 86 818 5.28 1230 30.46 nil nil 30.46 25.18 
10 43 44 82 896 6.87 1090 17.96 nil nil 17.96 11.09 
11 65 70 165 1550 10.48 970 15.66 4.4 nil 20.06 9.58 
12 87 93 209 2021 12.15 670 9.36 nil nil 9.36 2.79 
13 / 
930 ml blood transfused = 17.78 g. N. 
blood lost a 16.6 g. N. 
Stomach resected contained 1.98 g. N. 
CASE NO. . ( Contd. ) 
INTAKE OUTPUT N BALANCE 
DATE PROT. FAT GARB. C. TS. N URINE URINE STOOL SUCTION N + 
INTAKE VOL. N N ' N LOSS 
Dec. 13 87 93 209 2021 12.56 885 10.5 2.22 nil 12.72 0.16 
7 
14 77 86 228 1994 12.32 320' 4.94 2.16 - 
15 77 108 260 1994 10.00 1190 10.41 1.4 - 11.81 1.81 
16 102 108 260 2420 16.32 845 4.9 1.92 - 6.82 9.5 
17 102 108 260 2420 16.32 650 7.78 0.68 - 8.46 7.76 
18 102 108 260 2420 16.32 LOST 
19 102 108 260 2420 16.32 1130 11.82 0.94 12.76 3.56 
CASE No. lï Height 5 ft. 5 ins. 
INTAYE OUTPUT BALANCE 
DATE PROT. FAT CARE .CALS. N URINE URINA; STOOL SUCTION N + 
INTAI VOL. N N N LOSS 
- BODY WT. 
in LBS. 
Jan. 7 79 84 259 2108 12.64 1850 12.5 - - 12.5 0.14 112. 25 
8 '79 84 259 2108 12.37 960 8.68 2.7 2.32 13.7 1.33 
3 
9 Operation 660 6.89 3.02 9.91 9.91 
10 16 19 24 331 2.56 900 13.00 nil 4.36 17.36 14.8 
11 22 21 70 557 3.52 700 12.63 nil - 12.63 9.11 
-4- .r 
12 23 23 66 563 3.68 530 11.82 lost - 11.82 8.14 
13 36 42 93 594 5.75 680 16.19 nil - 16.19 10.44 
14 44 41 86 885 7.04 675 14.97 1.65 - 16.62 9.58 
15 60 74 195 1685 9.6 530 12.45 3.42 - 15.87 6.27 
16 60 '74 195 1685 9.6 640 12.37 1.06 - 13.43 3.83 
17 60 74 195 1685. 9.6 856 13.42 0.48 - 13.9 4.3 
18 
785 ml blood transfused F. 20.15 g. N. 
blood lost = 9.66 g. N. 
Stomach resected contained 4.25 g. N. 
CASE No. 15. ( Contd. ) 
INTAKE OUTPUT BALANCE 
DATE PROT. FAT GARB .CALS. N URINE URINE STOOL SUCTION N + - BODY WT. 
INTAKE VOL. N N N LOSS in LBS. 
Jan. 18 60 '74 195 1685 9.6 1040 13.23 0.99 - 14.22 4.62 
19 60 '74 195 1685 9.6 900 11.4 2.74 - 14.14 4.54 
20 79 '79 238 1979 12.64 1270 10.89 1.57 - 12.46 0.18 
21 86 84 266 2164 13.78 1710 13.9 2.8 - 16. 7 2.92 
22 85 84 250 2096 13.6 1515 14.73 1.37 - 16.1 2.5 
23 86 84 266 2164 12.43 830 8.12 2.2 - 10.32 2.11 
24 86 84 266 2164 13.78 880 10.71 0.7 - 11.41 2.37 
103. 25 
CASE No. lb Height 5 ft. 5 ins. 
TIM= OUTPUT BALANCE 
DATE PROT. =CATE. CALS. N 
INTAKE 
URINE URINE STOOL SUCTION N 








Jan. 13 940 11.60 - 11.60 110. 75 
14 81 97 292 2385 12.95 1140 11.12 1.09 12.21 0.74 
15 81 97 292 2385 12.95 880 9.13 0.62 9.75 3.20 
s. vî. o. 
16 81 97 292 2385 12.95 1510 8.49 1.24. 0.35 10.80 2.15 112. 0 
Operation 
17 nil nil nil nil nil 1170 5.05 nil 1.07 6.12 6.12 99. 4 
18 10 11 194 891 1.60 880 10.17 nil 2.36 12.53 10.90 100. 0 
19 12 13 90 525 1.92 790 8.97 nil 1.24 10.21 8.29 100. 0 
20 30 35 67 703 4.80 1270 12.36 nil 12.36 7.56 101. 4 
21 40 
approx. 
- - - 6.40 610 11.35 4.87 16.22 10.00 100. 2 
22 46 55 137 1317 7.41 870 9.50 2.58 12.08 4.67 105.0 99. 4 
23 67 61 135 1357 10.80 710 7. 30 0. 68 7.98 2.83 
24 / 
N 
730 ml blood transfused E 24.31 g. N. 
blood lost 6.94 g. N. 
Stomach resect contained 2.14 g. N. 
CASE No. 1!á (Contd. ) 
INTAKE OUTPUT BALANCE 
DATE PROT. FAT CARBICALS. N URINE URINE STOOL SUCTION N 
INTAKE VOL. N N N LOSS 
+ BODY BODY 
t T. in TE P. 
LBS. °F. 
1947 
Jan. 24 67 69 178 1581 10.80 780 9.61 0.76 10.37 0.43 
25 62 64 171 1508 9.93 730 10.19 1.66 11.85 1.92 
26 62 64 178 1536 9.93 1470 12.25 nil 12.25 2.32 
27 64 65 194 1617 10.25 1290 10.00 1.04 11.04 0.79 102.6 
28 75 83 238 2000 12.00 1450 11.13 3.30 14.43 2.43 
29 75 83 238 2000 12.00 1310 10.30 nil 10.30 1.70 
30 75 83 238 2000 12.00 1060 8.51 nil 8.51 3.49 101.75 
CA.. SO N9 .17 . 
INTAKE. OUT U T. BALANCE. 



















July 7 74 46 182 1438 11.84 820 12.18 0.85 13.03 1.19 0.47 1 .05 
8 85 102 257 2286 13.60 1650 14.14 2.60 16.74 3.14 0.67 4.29 
9 109 108 270 2460 17.40 1400 12.22 1.20 13.42 3.98 0.55 5.44 
OPERATION X 
10 NIL NIL 48 192 NIL 158 2.04 NIL 2.38 4.42 4.42 0.09 0.25 
11 1.9 2.4 75 328 0.30 1420 21.20 NIL 1.24 22.44 22.14 0.99 2.53 
12 2.4 3.6 100.5 444 0.40 lost NIT lost 99 .1 
13 9.9 12 63 400 1.50 790 13.10 NIL 13.10 11.60 0.62 99 .0 0.83 
14 18.8 21.6 19.5 347 3.00 890 16.14 NIL 16.14 13.14 0.69 100 .4 2.65 
15 87 79 213 1911 13.90 760 15.90 2.12 18.02 4.12 0.43 1 .69 
16 65 81 179 1705 10.40 640 9.60 1.27 10.87 0.47 0.58 3.83 
17 70 78 222 1870 11.20 1000 14.70 NIL 14.70 3.50 1.24 9 .40 
18 74 75 230 1891 11.82 1650 11.76 INIL 11.76 0.06 1.30 10.32 
19 66 72 169 1588 10.56 1110 13.30 NIL 13.30 2.74 lost 100.6 6.22 
20 86 91 196 1947 13.26 1240 22.65 1.41 24.06 10.70 1.78 99 .8 9 .65 
21 88 87 242 2103 14.08 1240 17.22 T\TIL 17.22 3.14 1.24 4.45 
22 60 82 232 1906 9.60 1510 15.50 1.27 16.77 7.17 2.18 99 .1 9 .64 
23 101 107 268 2439 16.16 1190 13.04 NIL 13.04 3.12 1.24 101.4 5.40 
24 101 108 264 2432 16.16 2150 16.50 NIL 16.50 0.34 2.42 99.4 4.64 
25 87 102 270 2346 13.92 1610 12.88 0.18 13.06 0.86 2.14 3.77 
















0.21 1.12 3.42 
29 98 112 245 2380 15.68 1720 14.28 0.95 15.23 0.45 5.63. 
30 89 102 204 2090 14.26 1050 10.36 NIL 10.36 3.90 5.38 
X 950 ml. blood transfused - 21.95 g. N. 
blood lost contained = 27.98 g.N. 
tomach resected contained = 4.09 g. 
CASE: NO. i2. 

























ATURE o f 
URINE 
CL . 
f c.s Aie,(1) 
1948 
Feb. 14 105 106 299 257o 16.8o 1080 13.87 2.50 16.37 0.57 114.6 
15 105 106 299 257o 16.80 1600 12.7 nil 12.70 4.10 113.5 
16 105 1o6 299 2570 16.80 1810 12.67 3.04 15.71 1.09 113.5 
17 105 106 299 2570 16.80 1180 14.10 nil 14.10 2.70 113.9 
18 105 106 299 2570 16.80 2240 16.40 nil 16.40 0.40 115.5 9.75 
19 105 106 299 257o 16.8o 2880 15.00 146 0.14 16.60 0.20 114.8 6.8 
20 105 106 299 2570 14.24 3230 13.83 2.76 0.42 17.01 2.77 115.25 6.9 
OrERATION 
21 920 4.86 nil 1.71 6.57 6.57 115.25 3.5 
22 620 24 nil 31 220 3.80 1290 16.61 nil 0.17 17.78 13.98 102 3.42 
23 nil nil 96 384 nil 720 16.55 nil 1.8.5 18.40 18.40 99 0.6 
24 nil nil 72 288 nil 740 19.45 nil 0.08 19.53 19.33 110.75 0.74 
25 2 2 16 80 0.32 630 16.57 nil 16.57 16.25 112.0 o.69 
26 15 18 23 314 2.40 760 16.30 nil 16.30 13.90 112.0 o.87 
27 / 
Footnote on following page 
CASE: NO. AB WOAD.) )
INTAKE OUTrUT BALANCE 
DATE VOL. .ROT. FAT CARE. CAL- N IN= URINE URINE STOOL SUC- N BODY BODY URINE 
CASY- OR- TAKE 1.10L. N N TION LOSS WT. TEMFER- CL. , 
DRD. ML. IES N LBS. ATURE 0F (.s NaCl 
Feb. 27 17 11 84 503 2.72 940 10.90 2.00 12.90 10.18 110.75 0.98 
28 43 48 141 1168 7.04 1150 12.10 nil 12.10 5.06 105.25 1.55 
Mar. i 46 44 114 1034 7.65 870 9.72 3.88 13.60 5.95 104.0 1.24 
2 6o 75 190 1675 9.45 970 10.90 nil 10.90 1.45 105.0 1.82 
3 65 88 184 1788 10.40 1400 12.38 1.48 13 .86 3.46 105.0 3.55 
4 66 88 203 1868 10.56 1080 9.92 0.90 10.82 0.26 105.0 5.03 
5 66 88 203 1868 10.56 1380 9.55 0.26 9.81 0.75 106.0 9.95 
6 66 88 203 1868 10.56 1620 10.04 0.54 10.58 0.02 105.5 6.8 
7 62 84 206 1828 9.92 850 7.31 1.66 8.96 0.96 106.25 4.17 
8 74 81 208 1857 11.85 1360 8.84 1.68 10.52 1.33 104.25 5.37 
9 73 81 206 1845 11.68 830 7.14 0.68 7.82 3.86 104.75 5.65 
It 980 ml blood transfused 22.95 g N 
blood lost a 27.1 g N 
Stomach resect contained 3.44 g N 
CASE No._ I9.. Height : 5 ft. 8 ins. 
'Y. LUKE OUTPUT N BALANCE 
DÁ'l'B PROT. FAT CARB.CALS. N URINE URINE STOOL SUCTION N 
=AKE VOL. N T\? N LOSS 
+ BODY TELP. URINE 
T. in °F CL. 
LBS. (asNaC1) 
1947 
Mar. 27 92 97 207 2045 14.72 1030 9.54 0.96 10.50 4.22 113.0 7. 91 
28 75 83 226 1951 12.00 910 10.42 2.93 13. 35 1. 35 112. 6 5. '79 
29 75 83 226 1951 12.00 1090 12.17 nil 12. 17 0. 17 113. 0 5. 12 
30 65 72 186 1652 10.40 790 11.98 2.35 14. 33 3.93 113.6 4. 06 
31 62 70 158 1510 9.92 940 8.62 1.12 9. 74 0. 18 113. 3 5. 51 
Apr. 1 65 72 181 1632 10.40 1510 7.65 nil 7. 65 2. 75 112. 8 6. 49 
2 75 83 226 1951 12.00 '1940 8.54 lost 1.08 9. 62 113. 25 6. 68 
3 Operation 40 160 220 2.25 nil 0.11 2.36 99 4. 57 
4 60 240 nil 1780 17.02 nil 0.84 17.86 17. 86 5. 41 
5 20 80 nil 550 8. 03 nil 0.11 8.14 8. 14 99. 61.53 
6 2 2 43 192 0.32 900 12. 64 nil 12. 64 12. 32 1. 30 
7 
1000 ml blood transfused E 26.0 grm. N. 
blood lost = 25 grin. N. 
Stomach resected contained 5.41 grin. N. 
CASE No. ¡g ( Contd. ) 
ITTAi; OUTPUT N BALANCE 
DATE PROT. FAT CARB. CALS. N 
II TAIa 
URINE URINE STOOL SUCTION N 
VOL. N N N LOSS 
+ - BODY TEMP. URINE 
VIT. in °F CL. 
LBS. (as NaC1) 
1947 
Apr. 7 27 32 41 520 4.32 810 12.01 nil 12. 01 7. 69 2. 72 
8 11 13 19 247 1.76 950 12.77 nil 12. 27 10. 51 112 99 6. 13 
9 67 80 200 1788 10.72 1200 11.31 nil 11. 31 O. 59 112 8. 16 
10 67 80 208 1838 10.72 1470 9.35 nil 9.35 1.37 111.9 7.99 
11 67 82 208 1838 10.72 1480 8.62 6.36 14. 98 4.26 .111. 8 
12 67 82 200 1806 10.72 1610 5.44 nil 15.44 5.28 111.25 
13 67 82 200 1806 10.72 840 6.47 3.78 10. 25 0. 47 110. 75 
14 67 82 200 166 10.72 1540 10.32 nil 10. 32 110. 0 
CASE No. 20. 
N T A K E 
-- 
O U T P U T BALANCE. URINE I 
Garbo- Total Urine Urine Stool Suction N. 
Prot. Fat hydrate Cáls,, N. Vol N, N._ N. Loss - NaCI) (as  I
1947 
Ia'Iarch 3 109 117 258 2521 17.04 960 10.32 0.65 10.97 6.07 7.70 
4 116 120 322 2832 18.58 980 12.50 Nil 12.50 6.08 7.67 
5 116 120 322 2832 18.58 920 10.99 0.76 11.75 6.73 9.20 
6 16 120 322 2832 18.58 1150 11.07 1.36 0.71 13.14 5.34 8.25 
7 OPERATION X 80 320 - 400 4.84 Nil 0.89 20.85 2.04 
8 - 60 240 Nil 1050 16.02 Nil 0.70 16.72 16.72 4.37 
9 - 60 240 Nil 950 15.23 Nil 0.19 15.42 15.42 3.42 
10 7 8 10 140 1.12 770 15.56 Nil 0.09 15.65 14.53 0,80 
11 10 12 15 184 1.60 630 14.53 2.88 16.41 14.81 1.23 
12 29 49 105 977 4.63 680 14.08 Nil 14.08 9.45 1.86 
13 65 71 175 1599 10.40 710 12.20 Nil 12.20 1.80 2.80 
14 65 71 176 1603 10.40 870 13.17 1.10 14.27 3.87 
15 65 71 176 1603 10.40 760 11.33 Nil 11.33 0.93 Lost 
16 65 71 176 1603 10.40 870 12.35 Nil 12.35 1.95 
17 65 71 176 1603 10.40 760 10.32 Nil 10.32 0.08 6.25 
18 65 71 176 1603 10.40 700 10.22 1.47 11.69 1.29 5.50 
19 65 71 176 1603 10.40 810 9.90 Nil 9.90 0.5 6.03 
20 87 71 206 1982 13.92 880 9.90 0.66 10.56 3.32 6.75 
X 500 c.cs.Blood transfused = 13.32 g N. 
Blood lost contained 12.60 g H. 
Stomach resected contained 2.52 g N. 
CASE No . 21 . 
INTAKE O U T P U T N .BALANCE 
Date . Prot. Fat. 
Carbo- 















Nov. 27 . 90 100 310 2500 14 .40 1030 10 .72 1.40 12.12 2 .28 10.16 
28. 90 100 310 2500 14.40 1440 15.02 2.16 17.18 2.78 13.91 
29 . 90 100 310 2500 14.40 1340 12.06 0 .79 12.85 1 .55 10.72 
30 . 90 100 310 2500 14 .40 1420 13.40 0.42 13.84 0.64 11.84 
Dec . 1 . 90 100 310 2500 14.40 800 10 .28 1 .64 11 ,92 2.48 7.16 
2. 90 100 310 2500 14.40 750 11 .8 0 Nil 11.80 2.60 6.82 
3. 90 100 310 2500 14.40 1025 15.35 0.86 16.21 1'.81 8.35 
4. 90 100 310 2500 14.40 630 9.12 3.60 12.72 1.68 7.10 
5. OPERATION - 20 80 - 1320 12.36 Nil 12.36 13.65 
6. - - 80 320 - 530 13.80 Nil 13.80 13.80 5.25 
7 . - 100 400 - 690 8.25 Nil 8.25 8.25 2.34 
8 . 15 18 24 318 2.40 860 18.50 Nil 18.50 16 .10 1.41 
9 . 8 10 15 182 1.20 610 14.68 Nil 14.68 13.48 1.00 
10 . 16 19 27 343 2 .56 660 15.58 Nil 15.58 13.02 0.71 
11. 15 18 23 314 2.40 670 10 .70 1.06 11.76 9 .36 1.30 
12. 12 14 19 250 1 .92 600 13.85 0.66 14.51 12.59 1.50 
13. 8 10 12 170 1 .28 520 9.84 0.68 10.52 9.34 2.46 
14 . 20 25 31 429 3.20 790 12.90 1.10 14.00 10 .80 6.33 
15. 20 20 21 264 3.20 660 9.42 0.64 10.06 6.86 3.23 
16 . 28 24 49 524 4.40 525 6.97 1.30 8.27 3.87 5 .00 
Blood lost at operation contained 4.08 grs. N. 
CASE NO. 22. 
INTt OUTPUT BALANCE 
DATE PROT. FAT QARB. CALS. TT URINE URINE STOOL N + - URINE 
VOL. N N LOSS CL4S N '-t(I) 
May 5 87 86 213 1974 13.92 1670 16.31 nil 16.31 2. 39 11. 56 
6 90 88 218 2024 14.4 910 12.08 0.74 12.82 1.58 4.53 
7 83 84 218 1960 13.28 760 10.88 nil 10.88 2.4 4.44 
8 83 84 218 1960 13.28 1120 8.15 2.54 10.69 2.59 6.79 
9 83 84 218 1960 13.28 920 8.25 nil 8.25 5.03 6.77 
10 83 84 218 1960 13.28 930 10.8 2.08 12.88 0.4 7.05 
Operation 
11 21 22 81 606 3.46 640 3.1 3.3 0.16 2.64 
12 9 11 48 326 1.44 ` 9.43 7.99 
1060 18. 85 nil 1.59 
13 9 11 48 326 1.44 1 9.43 7.99 
14 10 14 69 442 1.6 440 11.02 nil 11.02 9.42 0.07 
15 26 32 93 764 2.56 370 8.9 2.84 11.74 9.18 0.067 
16 51 58 167 1397 8.16 880 19.92 nil 19.92 11.76 0.903 
17 68 62 175 1530 10.88 570 11.5 nil 11.5 0.62 1.39 
18 81 78 205 1846 12.96 810 13.86 2.04 15.92 2.96 4.08 
19 / 
CASE No. 22. (Contd. ) 
INTAi 
DATE PROT. FAT GARB. CiJJS. N 
May 19 78 80 206 1856 12. 48 
20 71 65 196 1653 11. 36 
21 82 84 213 1936 13.12 
22 83 84 218 1960 13. 28 
23 81 80 205 1864 12. 96 
24 83 72 206 1804 13. 28 
25 81 80 208 1876 12. 96 
26 81 80 208 1876 12. 96 
27 81 75 207 1827 12. 96 
28 81 75 207 1827 12. 96 
29 83 84 209 1929 13. 28 
30 82 82 216 1930 13. 12 
31 82 84 218 1960 13. 12 
OUTPUT BALANCE 
URINE URINE STOOL N 
VOL. N N _LOSS 
1110 16. 26 nil 16. 28 
920 13.34 nil 13.34 
950 14. 87 1. 9 16. 77 
970 15. 9 nil 15. 9 
1030 13. 1 1. 65 14. 75 
1130 12. 78 nil 12. 78 0. 5 
1330 14. 5 nil 14. 5 
1240 11.58 2.46 14.04 
980 12. 35 nil 12. 35 0. 61 
nil 12. 42 0. 54 
52740 24.85 
nil 12.43 0.85 
910 12. 82 0. 6 13. 42 























CASE No. ..,23. 
INTAKE OUTPUT BALANCE 
DATE PROT. EAT CARB . CALS. TOTAL URINE URINE STOOL TOTAL + - URINE 
N IN VOL. N N N OUT CZ,. (es g NaC1) 
May 9 91 107 174 2019 14.4 510 6.88 2.0 8.88 5.52 4.79 
10 31 51 87 955 4.22 615 10.23 nil 10.23 6.01 5.00 
11 24 40 56 680 3.84 450 8.08 nil 8.08 5.24 1.48 
12 82 86 135 1642 13.12 440 10.2 1.18 11.38 1.74 1.34 
13 62 76 154 1548 9.92 780 11.32 0.1 11.42 1.5 5.32 
14 89 111 191 2119 14.24 700 9.83 0.82 10.65 3.59 5.95 
15 76 99 162 1843 12.16 670 9.62 nil 9.62 2.54 5.39 
16 69 97 154 1765 11.04 290 4.34 2.02 6.36 4.68 2.03 
17 64 93 156 1717 10.24 710 8.4 nil 8.4 1.84 6.04 
18 56 82 152 1570 8.96 740 7.13 2.87 10.0 1.04 6.31 
operation 
19 13 19 96 607 2.58 .700 4.9 nil 4.9 1.32 2.86 
20 8 15 35 307 1.28 420 6.53 nil 6.53 5.25 2.41 
21 24 20 84 612 3.84 385 6.56 nil 6.56 2.72 0.82 
22 38 51 97 1000 6.14 230 4.22 nil 4.22 1.88 0.24 
23 / 
950 ml Blood transfused = 26.56 
blood lost contained = 15.32 
CASE No. 23. (Contd. ) 
INTAF OUTPUT BALANCE 







N N .OUT 
+ - URINE 
CL. (As gNaCì 
May 23 55 66 152 1422 8.8 810 lost 0.82 0.07? 
24 70 71 166 1584 11. 2 980 11. 6 nil ' 11. 6 0.4 3. 0 
25 70 86 185 1794 11.2 750 10.1 nil 10.1 1.1 3.02 
26 89 94 185 1942 14.22 470 5.74 nil 5.74 8.48 2.59 
27 66 80 151 1588 11. 56 1220 18.1 nil 18.1 6. 54 7. 72 
28 49 78 194 1674 7.84 610 9.15 1.54 10.69 2.85 3.6 
29 64 83 198 1715 10.24 810 11.82 nil 11.82 1.58 4.8 
30 52 75 198 1675 8.42 1600 9.50 1.9 11.4 2.98 4.36 
31 64 83 198 1795 10.24 ç nil 7.71 2.53 
1490 15. 42 
.3.76 
11. 71 
June 1 64 83 186 1747 10.24 l 11.48 1.24- 
2 63 82 198 1782 10.08 650 6.79 nil 6.79 3.29 4.92 
3 63 82 198 1782 10.08 740 7.55 nil 7.55 2.53 5.71 
4 63 82 188 1742 10.08 '720 8.2 nil 8.2 1.88 
5 61 85 203 1821 9.7 590 6.2 nil 6.2 3.5 
CASE No. 2.4. 
INTAKE OUTPUT BALANCE 
DATE PROT. FAT CA1.CALS. NET N URINE URINE STOOL TOTAL + 
IN VOL. N N N OUT 
- URINE URINE 
CI-4.`" 
hick ,,,,' ric iú N . 
1947 
Sept. 22 90 106 303 2500 14.40 1670 12.84 0.54 13.34 1.06 
23 90 106 303 2500 14.40 1460 12.90 1.07 13.97 0.43 10.66 0.42 
24 90 106 303 2500 14.40 1560 11.91 O. 6 12.51 1.89 10.59 0.26 
25 90 106 303 2500 14.40 1300 13.4 1.66 15.06 0.66 - 0.47 
26 90 106 303 2500 14.40 1630 14.85 0.16 15.01 0.61 10.26 0.41 
27 90 106 303 2500 14.40 1400 14.28 0.96 15.24 0.84 8.96 O. 36 
28 90 106 303 2500 14.40 1700 14.43 nil 14.33 0.1 10.20 0.39 
29 90 106 303 2500 14.40 1600 10.69 1.04 11.73 2.67 11.29 0.25 
30 Operation - nil - nil 400 1. 32 nil 1. 32 1. 32 1. 07 - 
Oct. 1 9 6 120 570 1.44 1130 16.32 nil 16.32 14.88 2.73 0.28 
2 9 6 120 570 1.44 800 15.3 lost 15.3 13.86 1.22 0.26 
3 9 6 120 570 1.44 700 13.5 nil 13.5 12.06 0.91 0.38 
4 19 6 87 478 3.04 790 12.94 nil 12.94 9.9 1.14 0.21 
5 / 
2 
CASE No. 24. (Contd. ) 
IN TAKE OUTPUT BALANCE 
DATE PROT. FAT CARE CALS. NET N URINE URINE STOOL TOTAL + - URINE URINTE 
IN VOL N N N OUT CLvsNGc) 10,143 rÇí 
1947 
Oct. 5 30 19 132 819 4.80 720 11.38 0.49 11.87 6.93 0.93 0.18 
6 40 24 131 900 6.40 900 11.94 nil 11.94 5.54 1.08 0.20 
7 60 50 263 1502 9.60 1095 13.68 3.77 17.45 7.85 2.60 0.21 
8 90 106 303 2500 14.40 1790 17.4 nil 17.4 3.0 9.42 0.35 
9 90 106 303 2500 14.40 1320 13.28 2.58 15.86 1.46 9.75 O. 32 
10 85 106 303 2480 13.60 1860 16.72 1.09 17.81 4.21 12.7 0.32 
11 90 106 303 2500 14.40 1000 9.56 nil 9.56 4.84 7.44 0.20 
12 89 101 296 2433 14.24 1400 13.25 4.58 17.83 3.59 8.54 0.28 
13 90 106 303 2500 14.40 1240 11.8 1.06 12.86 1.94 6.9 0.24 
14 Operation. Died. 
CASSE No. 25, Height: 5 ft. 7 ins. 
INTAKE 
DATE PROT. FAT GARB. CALS. N 
INTAKE 
1947 
Apr. 17 91 114 288 2542 14.56 
18 91 114 288 2542 14.56 
19 91 109 288 2497 14. 56 
20 91 114 288 2542 14.56 
21 91 114 288 2542 14.56 
22 91 114 288 2542 14.56 
23 91 114 288 2542 14.56 
24 91 114 288 2542 14.56 
25 91 114 288 2542 14.56 
Operation 
26 3 2 89 386 0.48 
27 6 2 91 406 0.96 
28 11 7 89 463 1.76 
29 / 
OUTPUT N BALANCE 
URINE URINE STOOL _N + - BODY WT. BODY URINE 









790 19. 90 
400 9.50 
N LOSS 
0.91 12.22 2.34 
0.33 8.73 5.83 
1 
10. 37 4. 19 
1.50 
10.37 4.19 
nil 13.53 1.03 
nil 13.48 1.08 
1.05 13.12 2.44 












't 16. 0 
140. 0 8. 41 
140. 25 7. 54 
140. 0 10. 4 
7. 94 
140. 0 
9.47 99. 0 
1. 14 
8.99 99.2 
7.74 99. 0 0. 35 
2 
CASE NO. 25.(Contd. ) 
INTAKE OUTPUT N BALANCE 
DATE PROT. FAT CAB. CILS. N 
INTAKE 
URINE URINE STOOL N 
VOL. N N LOSS 




°F. (as NaC1) 
1947 
Apr. 29 35 33 158 1069 5.60 390 8.15 1.78 9.83 4.23 0.34 
30 52 64 220 1612 8.22 615 8.12 0.48 8.60 0.38 4.67 
May 1 59 66 233 1762 9.44 680 7.94 nil 7.94 1.50 6.46 
2 61 60 221 1668 9.76 1070 11.20 0.84 12.04 2.28 134.25 9.18 
3 72 73 209 1781 11.52 1160 7.20 nil 7.20 5.32 9.28 
4 77 74 206 1798 12.32 1350 11.12 1.92 13.54 1.22 134.25 10.50 
5 89 111 275 2455 14.22 1230 12.73 lost 12.73 1.49 134.0 9.18 
6 91 114 288 2542 14.56 925 11.64 0.46 12.1 2.46 134.1 6.36 
CASE No. 26. 
INTAKE OUTPUT BALANCE 
DATE PRONU- PROT. FAT C/IRB CALS. I FLtL g 
T URINE URINE STOOL N 
VOL. N N LOSS 
+ BODY WT. URINE 
in LBS. CIL. 
Feb.22 97 120 300 2668 15.50 1990 12. 64 1. 9 14. 54 0.96 151. 5 
23 96 105 300 2529 15.40 2110 14. 7 7 nil 14. 7 7 0. 63 151. 6 
24 96 105 310 2569 15.40 1660 7.30 nil 7.30 8.10 147. 75 
25 96 105 300 2529 15.40 1245 12.55 3.69 16.24 0. 84 147. 18 
26 160 96 105 300 3169 34.60 2540 22.95 0.44 23.39 11. 20 147. 75 
27 160 96 105 300 3169 34.60 2130 21.75 0.75 22.50 12.10 148. 12 
28 160 118 114 322 3426 38.10 2900 28.30 3.47 31.77 6.33 150. 5 
Mar. 1 160 118 114 322 3426 38.10 2690 31.90 nil 31.90 6.20 148. 87 
2 160 118 114 322 3426 38.10 2790 30.60 nil 30.60 7.50 150. 75 
3 160 118 114 322 3426 38.10 2500 28.00 1.62 29.62 8.48 151. 00 
4 160 118 114 322 3426 38.10 3100 29.55 nil 29.55 8.55 150. 75 
5 130 118 114 322 3305 34.50 3180 29.70 3.48 33.18 1.32 153. 12 15. 50 
6 160 118 114 322 3425 38.10 2910 28.95 nil 28.95 9.15 151. 50 12. 42 
7 165 14 55 1006 26.40 1810 24.05 lost 149. 50 9. 30 
8 / 
Day of imaginery operation: intake to represent equivalent of blood transfusion. 
CASE No. 26. ( Contd. ) 
2 
INTAKE OUTPUT BALANCE 
DATE PROMU- PROT. FAT CARB CALS. N URINE URINE STOOL N + - BODY WT. URINE 
TRI Ng VOL. N N LOSS in LBS. CL. 
Mar. 8 3 nil 124 508 0.48 2130 17.70 nil 17.7 17. 22 5. 65 
9 3 nil 124 508 0.48 910 9.72 1. 56 11.28 10.80 148.0 2.22 
10 8 10 16 186 1.28 920 11.08 nil 11.08 9.80 145.12 2.87 
11 22 21 76 581 3.52 700 10.58 0.74 11.32 7.80 1.18 
12 70 67 158 1635 11.02 1150 13.42 1.13 14.55 3.53 142.25 2.76 
13 80 81 231 1973 12.80 1740 8.47 nil 8.47 5.33 143.37 7.80 
14 81 86 236 2042 12.95 1246 10.17 3.56 13.73 0.78 141.6 ) 
} 
15 80 84 236 2020 12.80 1410 10.50 nil 10.50 2.30 142.0 ) lost 
} 
16 80 84 236 2020 12.80 1420 9.66 1.32 10.98 1.82 142.5 ) 
17 96 105 300 2529 15.36 1450 9.22 nil 9.22 6.14 144.5 15.90 
18 96 105 300 2529 15.36 1790 11.34 1.96 13.30 2.06 146.25 17.25 
19 94 105 287 2469 15.04 1600 12.45 2.29 14.74 0.30 145.25 22.50 
20 96 105 300 2529 15.36 1880 11.23 nil 11.23 4.13 15.20 
CABi.il No . 27 . 
I N T A K E O U T P U T BALANCE 
Height: 5 ft . 8 ins . 





















Aug. 30 . 90 91 332 2502 14.56 1050) 20.84) Nil 10.42 4.14 7.95 0.61 
31. 90 91 332 2502 14.56 ) ) 2.18 12.60 1.96 7.95 0.61 
3ept . 1. 90 91 332 2502 14.56 1050 12.98 2.22 15.20 0.64 9.32 0.62 
2. 90 91 332 2502 14.56 1375 15.88 1.20 17.08 2.52 12.35 0.97 
3. 90 91 332 2502 14.56 2140 13.00 1.04 14.04 0.52 12.20 0.67 
4. 10 4 126 580 1.6 2100 10.26 Nil 10.26 8.66 120.2 9.80 0.11 
5. 10 4 126 580 1.6 685 8.38 Nil 8.38 6.78 119.4 3.24 0.42 
6. 10 4 126 580 1.6 980 6.92 ITil 6.92 5.32 118.2 2.84 0.43 
7. 20 4 116 580 3.2 1200 11.75 Nil 11.75 8.55 116.6 3.38 0.54 
8. 30 13 142 805 4.8 1320 10.70 Nil 10.70 5.90 115.8 3.09 0.67 
9. 40 25 130 905 6.4 1320 10.55 Nil 10.55 4.15 116.0 3.32 0.59 
10. 60 49 206 1505 9.6 1430 13.85 3.02 16.87 7.27 117.25 5.00 0.40 
11. 90 91 332 2502 14.56 1890 12.90 0.78 13.68 0.88 117.9 9.97 0.42 
12. 90 91 332 2502 14.56 2050 14.53 Nil 14.53 0.03 118.3 13.30 0.65 
13. 90 91 332 2502 14.56 2490 15.66 1.54 17.20 2.64 118.5 14.22 0.68 
14. 90 91 332 2502 14.56 1870 15.35 0.66 16.01 1.45 118.8 14.04 0.43 
15. 90 91 332 2502 14.56 1240 10.07 0.56 10.63 3.93 118.9 8.04 0.56 
16. 90 91 332 2502 14.56 1850 14.87 1.06 15.93 1.37 119.0 13.13 0.37 
17. 90 91 332 2502 14.56 2910 17.69 0.74 18.33 3,77 118.5 16.00 0.67 
18 . 90 91 332 2502 14.56 1210 13.79 1.34 15.13 0.57 9.36 0.53 
CASE No . 28a 
I N T A K E 









Height: 5 ft. 8 ins. 








(as NaCI) Aoicl N. 
197. . 
Aug. 29. 91 90 332 2502 14.56 1230 18.61 Nil 18.61 4.05 12.70 0.90 
30. 91 90 332 2502 14.56 2920 ) 27.3 ) Nil 13.65 0.91 12.50 0.46 
) ) 
31. 91 90 332 2502 14.56 ) ) 2.02 15.67 1.11 15.20 0.46 
Sept . 1. 91 90 332 2502 14.56 1200 14.30 Nil 14.30 0.26 10 .92 Lost 
2. 91 90 332 2502 14.56 980 16.70 2.19 18.89 4.36 15 .50 0.31 
3. 91 90 332 2502 14.56 2295 15.08 Nil 15.08 0.52 14.52 0.30 
4. 10 4 126 580 1.6 1070 8.12 Nil 8.12 6.52 158.0 4.10 0.14 
5. 10 4 126 580 1.6 650 9.40 Nil 9,40 7.80 154.75 3.44 0.45 
6. 10 4 126 580 1.6 1110 12.40 Nil 12.40 10.80 153.5 4.06 0.65 
7. 20 4 126 580 2.4 1350 10.00 2.58 12.58 9.38 155.5 5.80 0.58 
8. 30 13 142 805 4.8 1960 12.83 3.08 15.91 11.11 156.3 8.90 0.75 
9. 40 25 130 905 6.4 1270 11.42 Nil 11.42 5.02 156.6 5.53 0.34 
10. 60 49 206 1505 9.6 1565 12.30 Nil 12.30 2.70 156.4 8.55 0.47 
11. 91 90 332 2502 14.56 1390 13.18 Nil 13.18 1.38 156.6 9.58 0.69 
12. 91 90 332 2502 14.56 1330 10.38 Nil 10.38 3.12 157.0 6.76 0.47 
13. 91 90 332 2502 14.56 2180 17.00 3.78 20.78 6.22 156.0 17.40 0.93 
14. 73 76 332 2304 11.66 1300 13.26 Nil 13.26 1.60 10 .00 
15. 91 90 332 2502 14.56 880 9.68 2.18 11.86 2.70 7 .35 0.26 
16. 91 90 332 2502 14.56 1620 14.45 Nil 14.45 0.11 154.5 11.60 0.54 
17. 91 90 332 2502 14.56 1350 10.96 2.69 13.65 1.09 155.2 10.78 0.30 
18. 91 90 332 2502 14.56 1620 18.04 Nil 18.04 3.43 8.80 0.82 
CASE No . 28 (íi) 
INTAKE O U T P U T 
1. 
Height: 5 ft. 8i ins. 
B ALANCE . 














Mar . 14 . 90 91 331 2503 14.40 2460 21 .23 Nil 21.23 6.83 
15. 90 91 331 2503 14.40 2090 17.83 Nil 17 .83 3.43 
16. 90 91 331 2503 14.40 2625 18.80 Nil 18.80 4.40 169.3 
17 . 90 91 331 2503 14.40 1370 10 .34 3.78 14.12 0 .28 167 .8 
18. 90 99 320 2531 14.40 1460 16.47 Nil 16.47 2.07 167 .75 
19. 10 29 550 2501 1.60 2340 11.55 Nil 11.55 9.95 165.1 
20. 10 29 550 2501 1.60 2520 8.39 Nil 8.39 6.79 165.3 
21. 10 29 550 2501 1.60 1120 5.07 Nil 5.07 3.47 165.4 
22. 20 45 504 2501 3.20 1120 5.39 4.56 9.95 6.75 165.7 
23. 30 56 469 2500 4.80 1590 5.92 0.86 6.78 1 .98 165.75 
24.: 40 93 376 2501 6.40 1050 7.68 Nil 7 .68 1 .28 164.2 
25. 60 92 358 2500 9.60 1160 9.28 0.80 10 .08 0.48 163.6 
26. 90 93 326 2501 14.40 1740 10.85 Nil 10 .85 3.55 163.8 
27. 90 93 326 2501 14.40 1460 11.25 Nil 11.25 3.15 164.12 
28. 90 93 326 2501 14.40 1130 14.40 2.20 16.40 2.0 164.3 
29. 90 93 326 2501 14.40 1960 Nil 164.25 
30. 90 93 326 2501 14.40 2060 12.61 2.02 14.63 0.23 164.3 
31. 90 93 326 2501 14.40 1730 16.88 Nil 16.88 2.48 163.8 
April 1. 90 93 326 2501 14.40 2415 13.52 2.08 15.60 1.20 163.2 






S U D I U M. 
Urine Balance Intake 




Iilarch 14 11.58 3.93 4.98 1.05 6.11 7.04 0.93 
15 12.05 3.84 5.42 1.58 6.02 7.34 1.32 
16 13.75 3.89 5.30 1.41 6.16 8.36 2.20 
17 9.24 3.81 3.16 0.65 5.95 5.62 0.37 
18 11.36 4.02 4.07 0.05 6.42 6.9 0.48 
19 11.68 4.01 4.28 0.27 6.08 7.10 1.02 
20 8.15 3.22 3.06 0.16 4.90 4.96 0.06 
21 6.31 4.01 2.10 1.91 6.08 3.84 2.24 
22 6.22 3.44 1.90 1.54 5.28 3.78 1.50 
23 8.08 3.98 2.82 1.16 6.07 4.92 1.15 
24 10.79 3.92 4.48 0.56 6.07 6.56 0.49 
25 9.04 1.80 3.78 1.98 2.47 5.50 3.03 
26 9.33 3.84 3.88 0.04 6.07 5.68 0.39 
27 10.01 3.75 3.92 0.17 6.07 6.08 0.01 
28 10.50 3.92 4.26 0.34 6.21 6.39 0.18 
29 13.29 4.25 5.15 0.90 6.69 8.05 1.36 
30 11.11 4.28 4.47 0.19 6.69 6.74 0.05 
31 10.18 4.02 3.81 0.21 6.40 6.18 0.22 
April 1 11.19 3.72 4.05 0.33 6.08 
6.77 0.69 
CASE No. 29A. 
Intake 





















Aug.29 91 90 332 2502 14.56 .740 12.10 nil 12.10 2.46 9.26 0.53 
30 91 90 332 2502 14.56 2740 29.40 nil 14.70 0.14 8.72 0.75 
31 91 90 332 2502 14.56 1.58 16.28 1.72 8.72 0.75 
Sept.' 91 90 332 2502 14.56 1630 14.48 nil 14.48 0.08 9.90 lost 
2 91 90 332 2502 14.56 1040 15.32 2.31 17.63 3.07 10.50 0.78 
3 91 90 332 2502 14.56 1230 15.08 nil 15.08 0.52 9.80 0.82 
4 10 4 126 580 1.6 2230 12.90 nil 12.90 11.30 149.2 12.20 0.36 
5 10 4 126 580 1.6 635 9.45 nil 9.45 7.85 148.2 4.48 0.66 
6 10 4 126 580 1.6 960 10.72 nil 10.72 9.12 147.8 4.26 0.53 
7 20 4 116 580 3.2 1360 9.75 4.74 14.49 11.29 147.6 6.16 0.44 
8 30 13 142 805 4.8 650 15.51 nil 10.51 5.71 147.3 4.22 0.49 
9 40 25 130 905 6.4 1510 12.01 nil 12.01 5.61 147.3 7.60 0.59 
10 60 49 206 1505 9.6 1350 14.10 nil 14.10 4.50 147.5 13.10 0.57 
11 91 90 332 2502 14.56 1350 12.20 nil 12.20 2.36 147.8 11.70 0.84 
12 91 90 332 2502 14.56 2020 14.93 3.52 18.45 3.89 148.1 12.72 0.76 
13 78 85 331 2401 12.48 1550 17.42 nil 17,42 4.94 148.5 13.96 1.12 
14 91 90 332 2502 14.56 685 6.32 2.06 8.38 6.18 6.95 0.23 
15 91 90 332 2502 14.56 1930 14.59 nil 14.59 0.03 14.70 1.16 
16 91 90 332 2502 14.56 1400 13.25 1.73 14.98 0.42 149.1 10.94 0.50 
17 91 90 332 2502 14.56 1710 11.49 nil 11.49 3.07 150.1 11.12 0.61 
18 91 90 332 2502 14.56 1810 16.22 1.48 17.70 3.14 13.22 1.07 
















+ - Fat Carb. Urine 
N 
1948 
March 14 90 91 331 2503 14.40 940 9.40 nil 9.40 5.0 
15 90 91 331 2503 14.4 1190 12.86 nil 12.86 1.54 
16 90 91 331 2503 14.4 980 14.03 1.34 15.37 0.97 147.75 
17 90 91 331 2503 14.4 1935 14.78 nil 14.78 0.38 148.5 
18 90 99 320 2531 14.4 2020 14.72 nil 14.72 0.32 148 
19 10 29 550 2501 1.6 980 9.86 nil 9.86 8.26 148.5 
20 10 29 550 2501 1.6 1590 8.41 1.00 9.41 7.81 148 
21 10 29 150 2501 1.6 1300 7.65 nil 7.65 6.05 149.5 
22 20 45 504 2501 3.2 970 6.27 2.16 8.43 5.23 148 
23 30 56 430 2344 4.8 1200 5.80 nil 5.80 1.00 147.5 
24 40 93 376 2501 6.4 900 7.14 nil 7.14 0.74 147.5 
25 60 92 358 2500 9.6 840 7.50 1.16 8.66 0.94 147.5 
26 90 93 326 2501 14.4 1365 11.10 nil 11.10 3.30 147 
27 90 93 326 2501 14.4 1260 12.10 2.36 14.47 0.07 146.75 
28 90 93 326 2501 14.4 '90 13.29 nil 13.29 1.11 147.75 
29 90 93 326 2501 14.4 905 14.80 nil 14.80 0.40 145.5 
30 90 93 326 2501 14.4 1245 14.00 nil 14.00 0.40 145.25 
31 90 93 326 2501 14.4 790 10.49 1.78 12.27 2.13 146 
Apr. 1 90 =:3 326 2501 14.4 1900 10.11 nil 10.11 4.29 145.5 
CASE No. 29B. 
DATE 
Sodium Chloride 
Urinary Chloride Intake Urine Balance Intake Urine Balance 
(as NaC1.) 
1948 
March 14 6.02 3.75 2.48 1.27 5.81 3.65 2.15 
15 9.43 3.43 3.52 0.09 5.38 5.72 0.34 
16 6.79 3.69 2.63 1.06 5.84 4.12 1.72 
17 11.62 3.50 4.82 1.32 5.46 7.05 1.59 
18 11.40 3.86 4.32 0.46 6.16 6.92 0.76 
19 6.64 3.16 2.37 0.79 4.75 4.03 0.72 
20 4.83 2.12 1.64 0.48 3.19 2.93 0.26 
21 6.70 2.50 2.10 0.40 3.74 4.06 0.32 
22 5.48 2.16 1.81 0.35 3.31 3.33 0.02 
23 5=.06 1.82 2.08 0.26 2.78 3.07 0.29 
24 8.64 3.05 3.79 0.74 4.73 5.23 0.50 
25 7.13 2.26 2.98 0.72 3.17 4.32 1.15 
26 12.40 3.86 5.33 1.47 6.07 7.53 1.46 
27 12.01 3.76 4.40 0.64 6.07 7.28 1.21 
28 9.07 3.66 4.17 0.51 5.80 5.50 0.30 
29 9.12 ? 3.81 5.53 
30 11.95 3.84 4.24 0.40 6.00 7.25 1.25 
31 8.40 3.89 3.88 0.01 6.19 &.11 1.08 
April 1 8.26 3.72 2.76 0.96 6.07 5.02 1.05 
CA No . 30 . 
INTAKE OUTPUT 
Height: 5 ft. 9 ins. 1. 
Body 













Mar. 14. 90 91 331 2503 14.40 2110 18.74 Nil 18.74 4.34 
15. 90 91 331 2503 14 .40 1025 13.21 2.42 15 .63 1.23 
16. 90 91 331 2503 14.40 1395 16.10 Nil 16.10 1.70 150.6 
17 . 90 91 331 2503 14.40 2080 14.56 1.86 16.42 2.02 151 .2 
18. 90 99 320 2531 14.40 2210 14.73 Nil 14.73 0.33 150.7 
19. 10 29 550 2501 1.60 1660 9.15 Nil 9.15 7.45 150.2 
20. 10 29 550 2501 1.60 2360 9.34 1.20 10.54 8.94 - 
21. 10 29 550 2501 1.60 1390 8.02 Nil 8.02 6.42 151.1 
22. 20 45 504 2501 3.20 1000 6.76 1.32 8.08 4.88 152.6 
23. 30 b6 469 2500 4.80 1925 8.16 Nil 8.16 3.36 151.6 
24. 40 93 376 2501 6.40 1015 6.70 1.18 7.88 1.48 150.2 
25. 60 90 358 2500 9.60 920 7.95 0.72 8.67 0.93 149.6 
26. 90 93 326 2501 14.40 1520 12.50 Nil 12.50 1.90 152.5 
27. 90 93 326 2501 14.40 2510 12.55 0.70 13.25 1.15 151.5 
28. 90 93 326 2501 14.40 1350 11.35 Nil 11.35 3.05 150.8 
29. 90 93 326 2501 14,40 1490 13.96 1.61 15.57 1.17 151.12 
30. 90 93 326 2501 14.40 1490 15.40 0.82 16.22 1.82 148.9 
31. 90 93 326 2501 14.40 2805 15.15 1.18 16.33 1.93 149.6 
Apr . 1 . 90 93 326 2501 14 .40 1280 13 .12 Nil 13.12 1 .28 148.9 
CASE No . 30 . 
URINARY. SODIUM. C H L O R I D E . 
Date . 
hloride 
(As NaCI Intak Urine . 
Balance . 




March 14 . 11 .45 3.61 5.21 1.60 5.63 6,94 1.31 
15. 10 .10 3.80 4.11 0 .31 6.00 6.13 0.13 
16 . 8 .25 3.89 3.49 0.40 6.15 5.00 1.15 
17 . 9.56 3.81 3.25 0.56 5.94 5.80 0.14 
18. 10 .35 4.0 3 3.88 0 .15 6.41 6.27 0 .14 
19. 8.06 4.02 3.01 1.01 6.08 4.89 1.19 
20 . 8.25 4.00 3.30 0.70 6.0 8 5.00 1.08 
21. 8.37 2.97 3.01 0.04 4.46 5.07 0.61 
22. 7 .20 3.94 2.53 1.41 5.98 4.37 1.61 
23. 9 .44 2.79 3.67 0 .88 4.21 5.72 1.51 
24 . 9.54 3.31 4.02 0.71 5.12 5.78 0.66 
25. 7 .84 3.73 2.99 0.74 5.43 4.75 0.68 
26. 11 .04 3.85 4.19 0.34 6.06 6.70 0.64 
27. 14.75 3.63 5,83 2.20 5.87 8.94 3.07 
28 . 9 .64 3.93 3.72 0 .21 6.20 5,84 0 .36 
29 . 13.85 3.87 5 .50 1.63 6.10 8.40 2.30 
30 . 11.17 4.26 4.25 0 .01 6.64 6.76 0.12 
31. 15.15 4.62 6.08 1.46 6.69 9.19 2.50 
April 1. 8.42 3.73 3.38 0.35 6.06 5.11 0'.95 
CASE No. 31. 
INTAKE OUTPUT I\T BALANCE 
DATE PROT. PRO- FAT CAFE CALS. N URINE URINE STOOL SUCTION N + - BODY TEMP 
NUTPIN INTAKE VOL. N N N LOSS WT. °F. 
1946 
Oct. 5 119 - 160 258 2848 19.04 2100 16.30 2.42 18.72 0.32 138.1 
6 119 - 160 258 2848 19.04 1450 13.60 1.02 14. 62 4. 32 
7 119 - 160 258 2848 19.04 1830 16.40 2.26 18. 6 6 0. 38 
8 113 - 160 258 2824 18.08 1980 14.80 1.00 15. 80 2. 28 
9 119 - 160 258 2848 19.04 1580 12.32 0.73 13. 05 5. 99 
10 119 - 160 258 2848 19.04 1560 15.70 0.73 16. 43 2. 61 
11 93 - 138 243 2586 14.88 1020 10.80 2.06 12. 86 2. 02 
12 84 - 119 251 2411 13.44 1610 10.70 1.53 12. 23 1. 21 
13 112 - 166 273 3034 17.92 1680 17.55 1.22 18. 7 7 0. 75 
14 109 - 157 261 2893 17.44 1910 12.15 1.03 13. 18 4. 26 
15 119 - 154 273 2954 19.04 890 9.40 1.05 10. 45 8. 59 139 
16 119 - 154 273 2954 19.04 1500 14.28 1.05 15. 78 3. 26 
17 192 - 147 273 2823 16.32 2100 8.40 3.64 12. 04 4. 28 
18 / 
CASE No. 31. (Contd. ) 
INTAKE OUTPUT N BALANCE 
DATE PROT. PRO- FAT (RS.CALS. N URINE URINE STOOL SUCTION N + - 






Oct. 18 119 - 154 273 2954 19.04 1220 10.03 1.04 11. 07 7. 97 140. 5 
19 119 - 154 273 2954 19.04 2120 14.06 2.12 16.18 2.86 
20 119 - 154 273 2954 19.04 2110 14.50 1.38 15.88 3.16 
21 80 - 125 229 2954 12.80 2400 8.65 lost 
22 Operation 36 144 130 0.60 nil 3.28 16.53 101 
23 96 384 nil 950 9.34 nil 3.08 12.42 12.42 100 
24 144 17 73 501 2.30 820 13.90 nil 3.15 17.05 12.75 99.8 
25 20 19 74 547 3.20 1010 22.46 nil 22.46 18.26 99.4 
26 24 24 75 611 3.84 740 16.04 2.54 18.58 14.74 99 
27 44 44 119 1048 6.23 1220 12.70 nil 12.70 6.47 
28 45 60 104 1136 5.82 1490 10.43 nil 10.43 4.61 
29 / 
NN content of 1000 ml Blood and 400 ml plasma not estimated. 
Blood lost contained 11.79 gms. N. 
Stomach resected contained 4.3 gms. N. 
The N intake figures apply to food actually consumed, whereas 
other intake figures refer to food given to the patient. 
the 
CASE No. '31,¡ Contd. ) 
INTAKE OUTPUT N BALANCE 
DATE PROT. PRO- FArl' CAPE . CALS. N URINE URINE STOOL SUCTION N + 




Oct. 29 93 80 183 1849 13.38 1480 10.30 nil 
30 83 80 198 1865 10.16 1500 10.59 1.74 
31 82 160 83 198 2507 31.06 1860 18.69 1.56 
Nov. 1 82 160 83 198 2507 30.08 2470 23.15 1.38 
2 99 160 113 259 3059 34.38 2060 24.98 1.25 
3 99 160 113 288 3205 32.04 2150 25.65 1.15 
4 99 140 113 288 3125 33.80 1810 18.95 0.96 
5 99 113 288 2565 15.65 2310 16.91 1.08 
6 99 113 288 2565 14.71 1700 11.05 lost 
7 63 109 288 2385 9.59 1330 11.30 1.72 
8 99 113 288 2565 15.16 1990 14.60 1.72 
9 99 113 288 2565 11.48 1380 9.05 
2. 03 
10 99 113 288 2565 13.24 1710 11.26 
11 99 113 288 2565 15.34 1640 9.68 0.90 
10. 30 3. 08 
12. 34 
20. 25 11. 82 
24. 53 5. 55 
26. 23 8. 15 
26. 80 5. 24 
















CASE No. 32. Height: 5 ft. 7 ins. 
INDUCE OUTPUT N BALANCE 




URINE URINE STOOL SUCTION N 
VOL. N N N LOSS 
+ - BODY WT. 
in LBS. 
Nov. 1 119 - 109 322 2745 19.04 1065 12.9 2.71 - 15.61 3.43 151. 6 
2 129 - 104 309 2684 20.18 1540 16.58 nil 16.58 3. 6 
3 128 - 103 292 2604 17. 62 1650 16.0 0. 45 2. 52 18. 97 1. 35 
4 126 - 103 285 2571 18. 86 1150 12. 22 1. 26 3. 42 16. 90 1. 86 153. 9 
5 126 160 103 275 3180 38. 06 1450 20. 58 0.76 - 2, 78 24.12 13. 94 
6 129 160 104 309 3328 38. 96 2300 25.7 nil 2.19 27.89 11.07 
7 129 160 104 309 3328 38.72 1620 18.65 1.00 1.98 21.63 17.00 
8 129 160 104 309 3328 37. 14 2800 21.76 nil -1. 51 22. 27 14. 87 
.1- 
9 129 160 104 309 3328 1590 22.9 nil lost 22.9 13.4 
72.6 
10 129 160 104 309 3328 2060 27.2 3.2 lost 30.4 5.9 154. 3 
11 101 160 78 279 2862 35.36 1340 18.09 2.9 2.9 23.04 12.28 
12 Operation 1270 15. 18 nil 0. 61 .15. 79 15. 79 
13 / 
Operation: 1974 ml. blood transfused contained 41.78 g.N. 
blood lost tt 32.4 g.N. 
stomach resected it 3.31 g.N. 
IT intake figures refer to food consumed by patient. 
2 
CASE No. 32. ( Contd. ) 
ITTAKE OUTPUT N BALANCE 




URINE URINE STOOL SUCTION N 
VOL. N N N LOSS 
+ - BODY WT 
in TRS. 
Nov. 13 21 13 31.5 327 3.36 1770 27.5 nil 1.21 28.71 25.51 
14 21 13 31.5 327 3. 36 660 12.48 nil 0.28 12.76 9.40 
15 19 12 29 301 3.1 1080 25.06 4.3 - 29.36 26.26 
16 41 7 81 551 6.55 1020 25.04 nil - 25.04 18.49 
17 47 34 108 926 7.52 350 8.28 5.52 - 13.8 6.28 
18 97 37 213 1573 15.2 785 16.02 nil - 16.02 0.82 
19 93 58 187 1642 11.56 640 11.95 0.5 - 12.45 0.89 
20 102 95 237 2211 14.93 770 12.35 3.36 - 15.71 0.78 
21 106 94 278 2382 12.96 1060 14.82 nil - 14.52 1.56 
22 101 101 282 2473 10.96 990 14.61 0.96 - 15.57 4.59 
23 109 101 282 2473 13.17 620 10.47 1.48 - 11.95 1.22 
24 109 101 282 2473 13.81 1010 13.72 nil - 13.72 0.09 140. 0 
25 109 101 282 2473 13.66 620 9.45 2.7 - 12.15 1.51 
CASE No. 33. Height : 5 ft. 3 ̀ ins. 
INTAKE OUTPUT N BALANCE 
DATE PROT. PN FAT CÁa.CALS. N URINE URINE STOOL SUCTION h + - BODY WT. 
ILTAKE VOL. N N N OUT in LBS. 
Nov. 1 126 - 110 305 2713 20.16 660 8.8 2.25 - 11.05 9.11 103.2 
2 126 - 102 296 2605 20.16 1220 15.12 nil - 15.12 5.04 
3 126 - 102 296 2605 19.90 1300 15.01 0.62 - 15.63 4.27 
4 126 - 102 317 2690 20.16 1050 15.58 3.66 - 19.24 0.82 
5 126 160 102 317 3330 39.36 1720 23.2 1.4 - 24.6 14.76 105.4 
6 126 160 102 317 3330 37.52 2130 23.85 0.7 - 24.55 12.97 
7 126 160 102 317 3330 39.19 1900 22.12 2.7 - 24.82 14.37 
8 126 160 102 317 3330 39.26 1930 24.0 2.1 - 26.1 13.16 
9 126 160 102 317 3330 39.36 2050 29.9 nil - 29.9 9.46 
10 126 160 102 317 3330 39.36 1800 25.2 2.69 - 27.89 11.47 105.2 
11 126 160 102 317 3330 39.36 2260 26.58 nil - 26.58 12.78 
12 126 160 102 317 3330 39. 36 2010 23.2 2.92 - 26.12 13.24 
13 126 160 102 317 3330 39.36 2580 24.55 2.18 0.57 27.2 12.12 
14 / 
2 
CASE No. 33. (Contd. ) 
INTAKE OUTPUT N BALANCE 
DATE PROT. PN FAT OARB.ÇAI1S. N URINE URINE STOOL SUCTION N + 
INTAIE VOL. N. N. N. OUT 
BODY WT. 
in ERS. 
Nov. 14 Operation 1230 10.38 1.56 11.94 11.94 
15 19.35 12 29 301 3.10 570 9.68 - 4.06 13.74 10.64 
16 42 26 63 654 6.72 180 3.22 1.0 3.81 8.03 1.31 
17 42 26 110 842 6.72 1030 24.25 0.5 0.37 25.12 18.4 
18 56 7 110 731 8.96 640 16.83 nil - 16.83 7.87 
19 74 54 151 1386 11.82 730 15.95 nil - 15.95 4.13 
20 82 54 152 1426 13.10 735 12.18. 3.1 - 15.28 2.18 
21 99 97 294 2450 15.04 915 12.88 2.02 - 14.9 0.14 
22 97 120 97 284 2877 27.39 1290 15.88 1.38 - 17.26 10.13 
23 97 85 97 284 2737 23.90 1160 18.15 1.64 - 19.79 4.11 
24 97 - 97 284 2397 15.09 1240 15.04 1.78 - 16.82 1.73 
25 97 - 97 284 2397 14.80 1115 13.42 2.02 - 15.44 0.64 
Operation: N content of 1480 ml blood transfused=40.06 g.N. 
lost blood 
resected stomach; 4.12 g.N. 
N intake figures refer to food consumed by patient. 
CASE No. 34. Height 5 ft. 9 ins. 
INTAKE OUTPUT N2 BALANCE 
DATE PROT. PN 1AT FRB.CALS. NET N2 URINE URINE STOOL SUCTION N + - BODY WT. 
INTAKE VOL. N N N LOSS in LBS. 
Nov. 27 137 160 98 328 3382 41.16 1840 26.03 2.2 28. 23 12. 93 159. 0 
28 137 160 98 328 3382 41.16 1845 28.1 2.55 30. 65 10. 51 
29 137 160 98 328 3382 41.16 2570 35.58 0.64 36.22 4.94 
30 137 160 98 328 3382 41.16 1780 31.65 2.5 34.15 7.01 
Dec. 1 137 160 98 328 3382 41.16 2090 29.16 nil - 29.16 12.0 
2 137 160 98 328 3382 41.16 1130 15.68 2.68 0.64 19.0 22.16 157.7 
3 Opera- 63 150 852 7.56 800 11.14 - 5.12 16.26 8.70 
tion3` 
4 47 34 149 1092 7.52 750 17.75 - 1.76 19.54 12.02 
5 40 24 127 994 6.4 890 21.05 lost 4.98 26.03 19.63 
6 28 33 49 812 3.52 1220 16.75 - 0.56 17.31 13.79 
7 28 33 49 605 4.48 1300 18.0 1.44 - 19.44 14.96 
8 / 
990 ml of transfused blood E 21. 31 grs. N. 
blood lost = 18.6 grs. N. 
Stomach resected contained 4.0 grs. N. 
2 
CASE No. "_34.(Contd. ) 
IA:D= OUTPUT N2 BALANCE 
DATE PROT. PN FAT CÄRB.QALS. NET N2 URINE URINE STOOL SUCTION N 
INTAK. VOL. N N IST LOSS 
+ - BODY UT. 
in LBS. 
Dec. 8 17 20 32 376 2.72 1760 18.08 1.08 - 19.16 16.44 
9 78 67 202 1723 12.5 1250 15.5 1.04 - 16.54 4.04 
10 90 75 209 1871 14.4 2020 16.64 lost - 16.64 2.24 
11 94 75 209 1887 15.0 1780 14.23 nil - 14.23 O.77 
12 116 95 276 2425 18.35 1110 15.2 2.1 - 17.3 1.05 
13 128 68 305 2344 19.84 1300 16.7 - - 16.7 3.14 
14 128 108 305 2705 20.44 2220 18.94 1.89 - 20.83 0.39 
15 127 105 313 2705 20.32 1420 13.01 nil nil 13.01 7.31 
16 127 105 313 2705 20.32 14'70 15.7 nil nil 15.7 4.62 147. 0 
17 127 105 313 2705 20.32 1360 15.2 2.53 nil 17.73 2.59 
18 127 105 313 2705 20.02 1500 14.55 1.94 nil 16.49 3.53 
19 127 105 313 2705 20.32 990 9.52 nil nil 9.53 10.79 153. 0 
CASE No. 35. Height: 5 ft. 82 ins. 
INT. OU TPU T N BALANCE 
DATE xt(OT. PN FAT CAPB.CALS. TOTAL I \T 
INTAKE 
URINE URINE STOOL SUCTION TOTAL 
VOL. N N N NLOSS 
+ - BODY WT. 
in LBS. 
Nov. 29 137 160 98 328 3382 41.16 1650 27.8 2.06 - 29.86 11.3 151.7 
30 137 160 98 328 3382 41. 16 1820 32.85 3. 6 - 36.45 4. 71 
Dec. 1 137 160 98 328 3382 41.16 1630 27.05'1.0 - 28.05 13.11 
2 137 160 98 328 3382 41.16 910 16.16 1.48 - 17.64 23.52 150.5 
3 137 160 98 328 3382 41.16 1560 26.05 1.93 - 27.98 13.18 
4 137 160 98 328 3382 41.16 1820 24.43 1.43 0.83 26.69 14.47 151.5 
5 Opera- 
tion3E 
100 305 1620 12. 630 8.68 8.23 16.91 4.91 
6 100 246 1384 12 1270 19.88 7.8 27.68 15.68 
7 26 14 61 474 4.16 930 24.0 4.76 28.76 24.6 
8 32 18 218 1162 5.12 1130 24.25 0.82 4.6 29.67 24.55 
9 126 504 nil 795 14.98 3.1 0.64 18.72 18.72 
10 120 480 nil 1490 22.12 1.6 23.72 23.72 
11 / 
930 ml. of transfused blood E 24.33 gr. N. 
lost blood =- 14.2 gr. N. 
stomach resected contained 3.35 gr. N. 
CASE No. 35. (Contd. ) 
INTAKE OUTPUT N BALANCE 
DATE PROT. PN FAT CSARB ,CALS. TOTAL N 
INTAKE 
URINE URINE STOOL SUCTION TOTAL 
VOL. N N N NLOSS 
+ - BODY WT. 
in LBS. 
Dec. 11 nil nil 1430 18.9 lost 18.9 18.9 
12 32 - 40 64 742 5.12 1660 17.0 1.3 nil 18.3 13.18 
13 80 - 70 189 1706 12.8 1680 17.92 1.39 nil 19.31 6.51 
14 80 - 70 189 1706 12.8 2300 18.23 2.6 - 20.83 8.03 
15 80 - 70 189 1706 12.8 2280 15.19 4.95 - 20.14 7.34 
16 87 - 74 226 1918 13.92 2340 14.12 3.02 - 17.14 3.22 
17 87 - 74 226 1918 13.92 1880 13.68 1.68 - 15.36 1.44 142.25 
16 8'.7 - 74 226 1918 13.50 1680 8.7 1.56 - 10.26 3.24 
19 87 - 74 226 1918 13.92 1420 13.4 3.12 - 16.52 2.6 142.0 
CA ,E NO. 36 
O U T P U T N. BA 
Height 5 ft. 4á ins. 
INTAKE 1ANOE . 












ion N N Loss - 
Body Temp 
wt in op 
lb s . 
Urine Cl. 
as NaCl. 
April 114 114 319 2758 18.24 1700) 22.5) 1.72) 12.11 6.13 116.8 19. 25 ) 
26 ) ) ) 
27 114 114 319 2758 18.24 ) ) ) 12.11 6.13 117 .25 
28 114 114 319 2758 18.24 620 7.69 1.17 8.86 9.38 118.75 7 .63 
29 114 114 311 2726 18.24 690 11.58 nil 11.58 6.66 118 .75 4.93 
30 114 114 319 2758 18.24 710 9.80 l'.84 11.64 6.60 117.4 6.54 
May 
1 OPiRATION X nil nil 48 192 nil. 660 12.86 nil nil 12.86 12.86 117.1 101 1.74 
2 1970 81 nil 98 716 12.96 650 14.11 0.46 0.08 14.65 1.69 100 0.96 
3 730 60 35 126 1059 9.60 1210 32.60 nil nil 32.60 23.0 100.4 0.73 
4 2430 106 10 174 1210 16.96 720 21.20 0.12 1.56 22.88 5.92 108.2 99.6 0.32 
5 2700 130 22 170 1398 20.80 1440 38.20 0.24 0.20 38.64 17,84 100 0.37 
6 2430 116 18 153 1238 18.54 1260 28.40 0 .7 2 29.12 10.58 101 0.78 
7 13 19 40 383 2.08 1270 20.57 1.44 22.01 19.93 99.6 4.19 
8 39 39 118 979 6.25 1330 18.52 0.21 18.73 12.48 10.44 
9 62 75 170 1603 9.92 1400 14.21 2.10 16.31 6.39 117.75 9.06 
10 65 81 162 1637 10.40 2090 14.92 2.32 17.24 6.84 116.5 99.2 13.00 
11 69 79 232 1915 11.04 1290 13.00 nil 13.00 1.96 114.5 8.55 
OPERATION 1 
12 66 76 234 1884 10.56 1380 15.51 2.08 17.59 7.03 112.6 101 7.13 
13 70 86 233 1986 11.20 1290 15.80 0.84 16.64 5.44 111.0 6.71 
14 68 83 244 1995 10.88 1020 14.74 1.50 16.24 5.36 110.75 6.52 
15 68 83 244 1995 10.88 1280 10.62 1.28 11.90 1 .02 110 .75 7.07 
16 68 83 244 1995 10.88 1730 14.26 0.33 14.79 3.91 110.37 9.95 
17 68 83 244 1995 10.88 1700 13.40 3.00 16.40 5.52 109.88 10.03 
18 97 94 317 2502 15.52 1910 12.80 0.78 13.58 1.94 109.75 11.25 
19 97 94 317 2502 15.52 2180 11.2; nil 11.25 4.27 110.5 12.30 
20 97 94 317 2502 15.52 1840 14.50 1.94 16.44 0.92 109.63 8.04 
21 97 94 317 2502 15.52 1770 11.86 nil 11.86 3.66 110.75 7.20 
22 97 94 317 2502 15.52 810 8.55 2.45 11.00 4.52 110.7 12.28 
23 103 102 352 2738 16.48 1670 13.58 2.62 16.20 0.28 109.9 9.25 
24 103 102 352 2738 16.48 1300 13.90 nil 13.90 2.58 10.83 
25 103 102 352 2738 16.48 1610 14.38 3.60 17.98 1.50 11.72 
26 103 102 352 2738 16.48 1590 12.92 0.92 13.84 2,64 
X Operation 1. Gastrectomy. 
970 ml. blood transfused = 27.79 g.N 
blood lost - 18.51 g.N 
Stomach resected contained = 2.70 g.N 
I Operation 2. Incision and drainage of abscess of leg. 
CASE NO, 36. CASYDROL INFUSION (NI'I'd0GLN DISTRIBUTION) . 2. 













May 1 2 pints of blu od 12.86 .33 
2 1970 12.96 6.50 3.15 14.11 1.46 1.82 
3 730 4.80 2.41 1.17 32.60 3.47 4.21 
4 2430 15.98 8.03 3.89 21.20 1.69 2.34 
5 2700 17.75 8.93 4.33 38.20 3.36 3.20 
6 2430 15.98 8.03 3,89 28.40 3.15 4.29 
7 20.57 1.67 2.55 
8 18.52 3.40 
9 14.21 1.96 
10 14.92 4.08 
11 13.00 2.09 
12 15.51 . 2.48 
CHLORIDE BALANCE ( as NaO I) . 
I N TAKE. O U T P U T. Balance. 
Date .9% 
Saline 
Casydrol Total. Urine Suction Total t - 
May 1 7.20 970 ml.blood. 1.74 
A.m.111 
1.74 
2 3.6u 5.92 9,52 0.96 .06 1.02 8.50 
3 3.60 2.19 5.79 0.73 0.73 5.06 
4 3.24 7.29 10.53 0.32 3.02 3.34 7.19 
5 3.78 8.10 11.88 0.38 0.52 0,92 10,96 
6 7.20 7.29 14.49 0.78 0.78 13.71 
1. 
CAS] N0. 37 . 





Date Vol .of 
Cas,-ydrol 
ml . 
Prot. Fat Carbo- 
Hydrate 














lb s . 
Temp. Urine Cl . 
°F . as NaC1 . 
May 12 109 120 288 2668 17.44 2280 18.53 0.26 18.79 1.35 129.75 13.40 
13 107 120 278 2620 17.12. 2040 9.30 2.18 11.48 5.64 128,75 8.53 
14 81 105 240 2229 12.96 740 12.10 2.36 14.46 1.50 127.25 2.88 
OPE:ATION 
15 X Nil Nil 28 ? 112 Nil 660 11.10 Nil 0.35 11.45 127.25 100 2.11 
16 2'700 111 Nil 13b 984 17.75 840 14.70 Nil 1.40 16.10 1.65 98.8 0.94 
17 3880 156 Nil 187 1372 24.82 2250 41.80 Nil 2.66 44.46 19.64 99.9 0.34 
18 2160 93 5 118 889 14.88 1570 28.80 Nil 0.13 28.93 14.05 101 0.06 
19 2580 126 14 193 1402 20.18 1600 26.60 2.74 29.34 9.16 103 0.56 
20 42 48 124 1096 6.72 1340 20,02 1.69 21.71 14.99 128.8 99 1.93 
21 46 50 130 1154 7.35 1850 23.55 NIL 23.55 16.20 127.5 98.9 7.33 
22 65 74 182 1654 10.40 1220 16.00 1.78 17.78 7.38 6.22 
23 65 74 182 1654 10.40 2050 17.55 Nil 17.55 7.15 124.8 9.40 
24 65 74 182 1654 10.40 2380 15.62 Nil 15.62 5.22 8,24 
25 65 75 170 1615 10.40 2240 17.30 2.20 19.50 9.10 8.87 
26 84 90 218 2018 13.43 1770 11.80 Nil 11.80 1.63 121.5 5.27 
27 86 96 240 2168 13.76 1750 16.44 3.72 20.16 6.40 8,82 
28 86 96 240 2168 13.76 1860 13.20 Nil 13.20 0.56 9.25 
29 86 96 240 2168 13.76 2150 13.33 2.24 15.57 1.81 
30 86 96 240 2168 13.76 2080 14.56 1,42 15.98 2,22 120.12 
X 495 Ml blood transfused. - 19.18 g. N. 
blood lost conta-i ned = 10.7 g. N. 
stomach resected contained = 3.68 g. N. 
CASE. No. 37 . 




Date. Vol. of Total Amino Peptide Total Amino Peptide 
Ca sydro l in ml. N. Acid. N. N. N. Acid. N. N. 
May 14. 12.10 1.48 0 .89 15. 495 ecs . Blood. 11.10 0.66 1.32 16. 2700 17.75 8.93 4.33 14.70 1.66 1.89 
17. 3780 24.82 12.48 6.05 41.80 6.75 7.65 
18. 2160 14.20 7.13 3.46 28.80 3.14 5.66 19. 2580 16.95 8.51 4.13 26.60 3.40 1.80 
20. 20.02 1.13 1.09 
21 . 23.55 2.50 
CHLORIDE BALANCE ( as NaCI) 
O U T P U T 
3. 
B A L A N C E I N T A K E 
9 . 2 o 
Date. Saline. Casjdrol . Total. Urine. Suction. Total. e 
May 15. 10 .8 C 495 ces. Blood. 2.71 .66 3.37 
16. - 8.10 8.10 0.94 5.0 5.94 2.16 
17. 3.6 11.34 14.94 0.34 8.95 9.29 5.65 
18. 3.6 6.48 10.08 0.06 0.75 0.81 9.27 
19. Food .85 7.64 8.49 0.56 - 0.56 7.93 
CAS.E No. 38 




Prot. Tat Carb. Cals. TOTAL N. Urine Urine 
Vol. N . 
Stool Suction Total 
N. N. N.Loss 
t Body 
wt. in 






10 123 146 316 3070 19.70 1040 14.52 0.77 15.29 4.41 8,2 
11 123 137 316 2989 19.70 1030 13.76 0.98 14.74 4.96 138.5 8.96 
12 123 146 316 3070 19.70 1450 18.34 nil 18.34 1.36 10.97 
13 123 146 316 3070 19.70 910 12.60 nil 12.60 7,10 7 .56 
14 123 146 316 3070 19.70 1660 5.94 1.97 0.73 8.64 11.06 140.25 1.0 
OPERATION X 
15 2 24 3 42 .320 740 9.78 nil 9.78 100 .8 5.62 
16 2700 111 nil 135 984 17.75 1360 23,20 nil 23.20 5.45 100.0 5.94 
17 2160 94 4 117 880 15.02 1420 24,20 nil 24.20 9 .18 101.0 2.13 
18 1620 75 8 97 760 12.00 2430 26.78 0.89 27.67 15.67 102.0 6.45 
19 540 44 31 32 583 7.04 1430 16.19 1.89 18.08 11 .04 103.6 2.12 
20 16 20 45 424 2.56 1820 26.60 nil 26.60 24.04 101 .0 0 .49 
21 70 53 209 1593 11,20 1750 25.15 nil 25.15 13.95 135.4 99.2 2.62 
22 57 64 213 1656 9.13 1610 18.20 1.70 19 .90 10 .77 99 .4 5.02 
23 72 61 215 1697 11.52 1820 18.74 nil 18 .74 7.22 133.5 99 .2 11.04 
24 74 74 226 1866 11.84 2150 16.50 nil 16.50 4.66 12.40 
25 81 84 250 2080 12.96 1180 10.74 1.50 12.24 0.72 129.3 6,64 
26 109 112 267 2512 17.44 1680 20.00 nil 20.00 2.56 11.02 
27 109 112 267 2512 17.44 1360 19.26 2.03 21.29 3.85 126. 1.40 
28 109 112 257 2472 17.44 1190 16.66 nil 16.66 0.78 5.66 
29 1_10 118 267 2570 17.60 1260 16.07 3.80 19 .87 2.27 6.40 
30 107 113 266 2509 17.12 1150 14.43 nil 14.43 2.69 128.0 6.48 
X 490 La. blood. transfused. = 15. 28 g.N 
blood. lost contained 8. 68 g.N 
stomach resected cont.a.ined = 4. 38 g.N 
CASE No . 38 . 
CASYDROL INFUSION (NITROGEN DISTRIBUTION) 
URINE. INTAKE. 
o . o To ta Amino Peptide Total rea ino Peptide 
Date . Casydrol in ml. N. Acid N. N. N. N. Acid N. N. 
July 10 . 14.53 0.54 0 .62 
11 . 13.76 0 .40 1.86 
12. 18.34 15 .65 0.15 
13. 12.60 9 .54 0.52 1.82 
14. 5.94 4 .38 1.53 .09 
15. 9.78 7.75 0.41 2.47 
16. 2700 17.75 8.93 4.22 23.20 16 .50 1.62 3.80 
17 . 2160 14.20 7.14 3.46 24.20 17 .40 1.69 4.10 
18. 1620 10.65 5.35 2.59 26.78 18 .30 3.50 2.15 
19 . 540 3.55 1.78 0.87 16.19 11.72 1.40 
20 . 26.60 22.36 0.84 1.58 
21. 25.15 21 .80 1.15 0.52 
22. 18.20 15.28 1.32 
23. 18 .74 15.30 1 .44 1.00 
24. 16.50 14.00 0 .93 
25. 10 .74 9 .15 0.66 0.61 
26 . 20.00 16.62 0.94 1.66 
27 19.26 14.66 0 .62 
CHLORIDE BALANCE (as NaCI ) 
I N T A K E O U T P U T B A L A N C E 
Food. Saline . Cas drol . Total . Urine . 
July 15 10.80 - 490 ml blood. 5.62 
16. 7.20 8.10 15.30 5.94 9.36 
17 . 0.25 3.60 6.48 10.33 2.13 8.20 
18. 0 .57 '7.20 4.80 12.57 6.45 6.12 
19. 1.11 1.62 2.73 0.51 
CASE NO. 39. 
OUTPUT. 
Height 5 ft. 8 ". 
B CE INTAKE. 
Date Casyirol 
Vol .in ml. 









N. ion N. 
N. 
Loss 








July.10 114 98 299 2534 1822 1870 15.78 NIL 15.78 2.44 7.96 
11 114 89 299 2453 18.22 840 12.18 1.05 13.23 4.99 120.25 5.75 
12 114 98 299 2534 18.22 910 10.62 3.00 13.62 4.60 5.11 
13 114 98 299 2534 18.22 1100 15.85 NIL 15.85 2.37 121.0 6.91 
14 114 98 299 2534 18.22 910 12.93 0.65 13.58 4.64 6.59 
15 114 98 299 2534 18.22 1450 14.08 ïvIL 14.08 4.14 8.32 
16 114 98 299 2534 18.22 1900 8.55 1.23 0.09 9.87 8.35 4.82 
OPERATION X 
17 NIL NIL NIL NIL NIL . 240 2.19 NIL 0.96 3.15 117.25 0.81 
18 2620 108 NIL 131 1048 17.20 1920 25.00 NIL lost 25.00 7.80 100.2 6.14 
19 2700 111 NIL 135 1080 17.75 1580 22.49 NIL 1.39 23.88 6.13 101.2 2.46 
20 2160 99 12 138 1056 15.80 2160 35.65 NIL 0.53 36,18 20.38 100.8 0.82 
21 2700 130 28 170 1352 20.79 2270 34.00 0.69 NIL 34.69 13.90 120.0 101.6 1.13 
22 540 36 17 46 481 5.79 1860 25.20 0.40 NIL 25.60 19.81 99.0 1.34 
23 46 47 145 1187 7.36 2150 21.55 0.22 21.77 14.41 120.5 1.93 
24 74 75 198 1763 11.82 2350 19.80 1.65 21.45 9.63 4.37 
25 71 75 235 1899 11.36 2120 17.70 0.69 18.39 7.03 119.25 10.34 
26 114 116 264 2556 18.22 2440 19.70 NIL 19.70 1.48 12:10 
27 114 116 264 2556 18.22 2440 18.80 3.15 21.95 3.73 115.8 10.00 
28 114 116 264 2556 18.22 1940 19.30 NIL 19.30 1.08 7.64 
29 110 118 267 2570 17.60 1920 17.80 0.76 18.56 0.96 115.25 6.37 
30 110 118 267 2570 17.60 1640 17.33 0.57 17.90 0.30 114.5 6.40 
X 460 ml. blood transfused 11.0 g. N. 
blood lost contained 15.0 g. N. 
stomach resected contained 3.03 g. N. 
CASE No . 39 . 




o of ot 
Cas drol in ml. N. 







N. Acid N. 
Peptide 
N. 
July 10 . 15.78 1 .40 0.81 
11 12.18 1.18 0.23 
12 . 10 .62 1 .30 1 .40 
13. 15.85 1 .52 0.87 
14. 12.93 9 .15 1 .67 0.22 
15 . 14.08 11.50 0.86 0.47 
16. 8.55 6.75 1.98 
17 . 2.19 1 .80 0 .36 0.12 
18. 2620 17.20 8.65 4.19 25.00 15.08 3.02 1.51 
19 . 2700 17.75 8.93 4.22 22.49 13.74 3.30 ) 
20 2160 14.20 7.54 3.46 33.65 22 .35 4.23 ) Not 
21 . 2700 17.75 8.93 4.22 34.00 23.72 5.95 ) estimated 
22. 540 3.55 1.78 0 .87 25.20 18.10 4,62 ) 
23. 21.55 18.58 1.68 1.16 
24 . 19 .80 15 .17 2.75 1.53 
25. 17.70 13.06 1.12 
26. 19.70 15.03 2.07 
27 . 18 .80 16.99 1.76 
I N T A K E 
CHLORIDE BALANCE (as NaCI ) 




Saline . Cast drol . Total. Urine . Suction . Total . 
10 .8 460 cos . Blood . 0 .81 0.68 1.49 10 
7.2 7.86 15.06 6.14 Lost 
3.6 8.10 11.70 2.46 7 .44 9 .90 1.80 
6.48 6.48- 0..82 4.74 5 .56 0.92 
8.10 8 .10 1 .14 1 .14 6.96 
1.62 1.62 1 .34 1.34 0.28 
1. 
CASE NO. 40. 
0 U T P U!' INTAKE 
Date Vòl..of Prot. Fat Carbo- Cals. 
















Feb. 21 91 101 330 2593 14.56 1280 11.12 0.88 1.33 13.33 1.23 136 
22 75 92 295 2308 12.00 1780 9.98 Nil 9.98 2.02 134 
23 91 101 330 2593 14.56 720 10.62 Nil 0.32 10.94 3.62 134 
24 92 104 343 2676 14.72 760 9.98 2.12 3.19 15.29 0.57 133.5 
25 OPERATION X 40 160 500 5.66 Nil 3.24 8.90 100 
26 1830 74 Nil 103 708 11.92 350 5,38 Nil 0.61 5.99 5.93 101.4 
27 1780 72 Nil 89 644 11.60 1210 30.54 Nil 1.34 31.88 20.28 101.8 
28 1940 101 25 169 1305 16.17 920 23.50 Nil 0.32 23.82 7.65 100.8 
Mar. 1 869 79 53 144 1369 12.64 930 21.56 Nil 21.56 8.92 130,75 99,6 
2 57 65 121 1297 9.12 720 16.92 Lost 130.5 101.0 
3 79 87 160 1739 12.64 980 19.05 Nil 19.05 6.41 129.4 100.5 
4 90 96 222 2112 14.40 650 10,72 2,04 12.76 1.64 132.4 99.2 
5 94 106 268 2402 15.04 1220 20.30 1.06 21.36 6.32 131.0 
6 94 106 268 2402 15,04 1430 13.62 Nil 13.62 1.42 
7 93 105 258 2349 14.88 1030 10.80 0.94 11.74 3.14 129.5 
8 79 104 237 2200 12.64 600 10.00 1,42 11.42 1.22 125.9 
9 83 114 267 2426 13.28 920 9.26 Nil 9.26 4.02 126.5 
F. 
X 480 c.c. blood transfused - 16.7 g N. 
blood lost contained 3.80 g. N. 
stomach resected contained = 2.48 g. N. 
CASE No . 40 . 
Total 
N. 















Date . ol. of 
A:nii (Yen . 
Feb. 21. 11.12. 9.18 . 0.22 0.54 
22. 9.98 8.52 0.22 0.57 
23. 10.62 8.11 0.13 0.55 
24. 9.98 8.28 0.20 0.44 
25. OPERATION 5.66 4.47 0.14 0.28 
26. 1830 11.92 7.69 2.56 5.38 4.66 0.18 0.36 
27 . 1780 11.60 7.47 2.49 30.54 25.38 1.36 2.03 
28. 1940 12.65 8.14 2.72 23.50 21.25 0.96 1.72 
Mar. 1. 870 5.67 3.65 1.22 21,56 18.88 0.85 1.87 
2. 16.92 13.98 0.24 1.16 
3. 19.05 16.95 0.34 0.87 
4. 10.72 7.77 0.31 0.49 
5. 20.30 15.98 0,50 1.02 
6. 13.62 11.08 0.47 0.73 
'7. 10 .80 8.05 0.27 0.74 
8. 10 .0 0 7.48 0.24 0.57 
9. 9.26 7.62 0.20 0.38 
CASE NO. 40. 

















Feb. 21. 6.77 2.62 3.34 - 0.35 4.07 4.10 0.06 3.08 7.24 3.17 
22. 4.14 2.41 2.29 Nil Nil 2.29 0.12 3.70 2.51 - - 2.51 1.19 
23. 2.84 3.20 1.93 Nil 0.12 2.05 1.15 5.01 1.72 - 1.23 2.95 2.06 
24. 2.71 2,55 2.20 0.71 0.65 3.56 1.01 3.86 1.64 0.07 2.75 4.46 0.60 
25. OPERATION 
1.61 3.33 0.70 Nil 1.27 1 .97 1.36 4.83 0.98 - 1.90 2.85 1.95 
26. 1.74 2.01 0.66 Nil 0.86 1.52 0.49 2.23 1.06 - 1 .74 2,80 0.57 
27. 1.86 2.42 0.66 Nil 1.73 2.39 0.03 2.88 1.13 - 3.92 5.05 2.17 
28. 0.18 2.18 0.59 Nil 0.37 0 .96 1 .22 2 .52 0 .01 - 1.12 1.13 1.39 
Mar. 1. 0.35 1.75 0.98 Nil 0 .98 0 .77 2.45 0.21 0.21 2.24 
2. 0.78 2.79 0.25 Lost 4.42 0 .48 Lost 0.48 3.94 
3. 0.98 3.20 1.03 Nil 1.03 2.17 5.11 0 .60 - 0 .60 4.51 
4. 2.21 3.68 1.57 0.37 1.94 1.74 5.88 1.34 0 .09 1 .43 4.45 
5. 6.58 2.58 3.32 0.10 3.42 0 .84 4.24 3.99 0 .12 4.11 0 .13 
6. 8.72 1.97 3.92 Nil 3.92 1.95 3.32 5.29 - 5.29 1 .97 
7. 6.67 2.03 2.74 0.21 2.95 0.92 3.46 4.04 0 .06 4.10 0 .64 
8. 3.90 1.75 1.41 .08 1 .49 0 .26 2.77 2.36 0.08 2.44 0.33 
9. 4.71 1.95 1.70 Nil 1.70 0 .25 3.12 2.86 - 2.86 0 .26 
CASE NO. 41 . Height 5 ft. 101 ins. 
I NT A K E. O U T P U T N. BALANCE 
Date Vol .of 
plasma 
in ml. 



















Temp . Uri'ne C1 
OF. as NaCl . 
1948 
Oct .17 87 94 256 2218 13.92 1280 13.08 0.18 13.26 0.66 152.5 7.09 
18 90 95 255 2235 14.40 1640 11.81 Nil 11.81 2.5x9 6.20 
19 90 97 256 2257 14.40 1530 9.46 0.71 10.17 4.23 152.5 7 .45 
20 90 97 256 2257 14.40 1570 12.71 Nil 12.71 1.69 8.04 
21 90 97 256 2257 14.40 1340 14.50 Nil 14.50 0.10 152.6 
22 90 97 256 2257 1440 1410 9.90 0.79 1.42 12.31 2.09 152.6 6.55 
OPP,RATIO. X 
23 80 320 970 8.73 2.73 11.46 152.5 100.4 5.52 
24 1555 44.4 60 7.10 1340 15.08 0.92 16.00 8.90 100.4 6.60 
25 400 10.3 60 1.66 1150 20.30 20.30 18.64 100.8 4.46 
26 800 14.2 60 2.27 1320 23.50 0.08 23.50 21.23 157.75 103.0 5.80 
27 1774 56.25 20 9.01 lost 103.2 lost 
28 1670 62.6 Nil 10.26 77 0.55 0.55 9.71 103.4 0.49 
29 40 160 Nil 105 .8 
Died 9.20 p.m. 
x Operation 420 ml blood. tr-nsfused = 10.84 g. N. 
Blood lost contained = 9.9 g.N. 
Stomach re so cted contained = 2.49 g. N. 
CABE N0.42 
INTAKE OUTPUT. N .B _^-_L 4.NCE 
ol.o 
Date Plasma Prot. 
ml. 


























(as NaC1) . 1- 
Sei) t.22 90 100 310 2500 14.40 1270 10.67 0.45 11.12 3.28 
23 90 100 310 2500 14.40 1540 12.58 0.26 12.84 1.56 0.55 11.87 
24 90 100 310 2500 14.40 1210 11.38 2.46 13.84 0.56 0.42 9.56 
25 81 96 301 2392 12.96 1020 9.74 0.18 9.92 3.04 0,34 
26 90 100 310 2500 14.40 1820 13.48 0.74 14.22 0.18 0.45 10.30 
27 90 100 310 2500 14.40 1390 11.21 0.53 11.74 2.66 0.46 9.58 
28 90 100 310 2500 14.40 1980 14.03 Nil 14.03 0.37 0.45 12.68 
29 90 100 310 2500 14.40 2110 14.95 1.19 16.14 1.74 0.57 13.75 
30 90 100 310 2500 14.40 1000 8.74 0.34 9.08 5.32 0.16 8,28 
Oct. 1 51 78 274 2002 8.16 2300 11.24 2.06 13.30 5.14 121 0.26 9.58 
2 OPERATION X 300 3.67 Nil 2.04 5.71 100 0.11 0.87 
3 770 6.10 1100 16.83 Nil 0.28 17.11 11.01 100 0.23 4.88 
4 935 6.98 1100 13.70 Nil 13.70 6.72 100.4 0,22 3.41 
5 Nil 790 12.94 Nil 12.94 12.94 101 0.14 2.15 
6 44 48 138 1160 7.04 560 10.90 1.09 11.99 4.95 0.30 1.62 
7 65 58 148 1374 10,40 1060 18.35 Nil 18.35 7.95 0.64 2.44 
8 70 68 189 1648 11.20 1790 17.40 1.76 19.16 7.96 119 0.31 3.04 
9 73 79 260 1648 11.66 1000 17.815 Nil 17.80 6.14 0.35 9.75 
10 95 90 206 2014 15.18 1630 17.92 lost 0.31 8.81 
11 90 93 219 2076 14.40 1450 14.55 Nil 14.55 0.15 118.8 0.19 12.75 
12 91 90 238 2126 14.56 2000 14.56 1.21 15.77 1.21 0.47 11.20 
13 91 100 262 2312 14.56 1725 10.49 2.24 18.73 4.17 0,17 10.28 
14 90 97 265 2294 14,40 1550 12.22 Nil 12.22 2.18 116.7 0,15 9.63 
15 90 97 256 2257 14.40 2280 16.44 1.79 18.23 3.83 0.31 11.54 
16 90 87 256 2167 14.40 2000 15.56 Nil 15.56 1.16 0.30 10.76 
17 90 97 256 2257 14.40 1750 14.30 0.57 14.87 0.47 115.3 9.0 
450 ml .Blood transfused = 9,48 g.N. 
Blood lo.::t contained. = 2.32 g.N. 
,tomach resected contained =3.12 g. N. 
SE No. 43. 
INTAKE OUTPUT N BALL?CE 
,TE DIET PROT. FAT CA.113. CALS. N URINE URINE STOOL N BODY WT. URINE CL 
INTAKE VOL. N N LOSS + - IN LBS. as NaC1 
!47 
t. 12 40 160 nil 1890 8.48 nil 8.48 8.48 12.08 
13 80 320 nil 1915 5.83 1.29 7.12 7.12 5.11 
14 Operation 40 160 nil 375 1.87 nil 1.87 1.87 3.29 
15 A 87 37 260 1721 13.92 965 9.34 nil 9.34 4.58 6.86 
16 119 46 374 2386 19.04 1680 17.90 2.49 20.39 1.35 21.60 
17 119 46 374 2386 19.04 1730 15.60 0.33 16.13 2.91 24.60 
18 119 46 374 2386 19.04 4360 25.00 3.14 14.07 4.43 116.5 26.70 
19 119 46 374 2386 19.04 14.07 4.43 26.70 
20 119 46 374 2386 19.04 2050 13.58 nil 13.58 5.46 34.70 
21 119 46 374 2386 19.04 1950 18.12 3.09 21.21 2.17 34.80 
22 119 46 374 2386 19.04 1335 14.13 0.93 15.06 3.98 22.40 
23 / 
CASE No. 43 ( Contd. ) 
INTAKE OUTPUT N BALANCE 
DATE DIET PROT. FAT GARB. CAT S. N TRINE URINE STOOL 
ITTTA= VOL. N N 
N 
LOSS 




Oct. 23 119 46 374 2386 19.04 1500 16.92 1.57 18.49 0.55 22.50 
24 119 46 374 2386 19.04 1750 17.55 nil 17.55 1.49 117.5 16.32 
25 119 46 3'74 2386 19.04 2400 15.94 16.74 2.30 16.32 
1.60 
26 B 119 46 374 2386 19.04 1705 14.75 15.55 3.49 13.30 
27 119 46 374 2386 19.04 1300 13.88 1.23 15.11 3.93 9.0 
28 119 46 374 2386 19.04 3100 19. 95 2.48 22.43 3.39 18.74 
29 119 46 374 2386 19.04 1435 14.30 2.22 16.52 2.42 14.15 
30 119 46 374 2386 19.04 2020 15.15 1.63 16.78 2.26 10.50 
31 119 46 374 2386 19.04 1420 15.27 nil 15.27 3.77 6. 65 
Nov. 1 119 46 374 2386 19.04 2940 25.20? 16.44 2.60 116.75 10.69 
7.68 
2 119 46 374 2386 19.04 16.44 2.60 10.69 
3 / 
CASE No. 43 (Contd. ) 
INTAKE OUTPUT N BALANCE 
DATE DIET PROT. FAT CAFB.CALS. N URINE URINE STOOL N + - BODY WT. URINE CL 
INTAKE VOL. N N LOSS IN LBS. as NaC1 
Nov. 3 93 36 292 1864 14.88 510? 7.65 nil 7.65 
4 119 46 374 2386 19.04 770 11.40 4.00 15.40 3.64 
5 119 46 374 2386 19.04 1090 11.55 3.08 14.63 4.41 
6 103 43 354 2215 16.48 1350 9.50 2.80 12.30 4.18 
7 119 46 374 2386 19.04 1565 10.45 - nil 10.45 8.59 
8 119 46 374 2386 19.04 1610 15.15 18.87 0.17 
7. 45 
9 119 46 374 2386 19.04 1060 7.90 11.62 8.42 
10 119 46 374 2386 19.04 1400 8.40 1.18 9.58 9.46 
11 119 46 374 2386 19.04 lost 11.50 1.98 
12 119 46 374 2386 19.04 2040 13.40 1.58 13.08 5.96 














CASE No. 43. ( Contd. ) 
INTAIT OUTPUT N BALANCE 
DATE DIET PROT. FAT CAFB. C .L,L3. N URINE URINE STOOL N 
INTL VOL. N N LOSS + - IN LBS. as NaC1 
Nov. 14 119 46 374 2386 19.04 2700 19. 20 1.22 20.42 1.38 12.04 
15 53 20 166 1056 8.48 1100 14.47 nil 14.47 5.99 5.43 
BODY 1,1T. URINE CL 
16 119 46 374 2386 19.04 920 10.45 nil 10.45 8.59 110.5 7.90 
17 119 46 374 2386 19.04 2080 11.32 2.88 14.20 4.84 7.37 
18 C 128 57 389 2581 20.48 2210 12.63 0.72 13.35 7.13 6.28 
19 128 57 389 2581 20.48 2100 15.71 2.60 18.31 2.17 13.80 
20 128 57 389 2581 20.48 1925 15. 91 nil 15.91 4.57 11.42 
21 128 57 389 2581 20.48 2210 17.55 2.14 19.69 0.79 12.06 
22 128 57 389 2581 20.48 2130 17.71 2.02 19.73 0.75 114.25 15.15 
23 128 57 389 2581 20.48 2760 13.38 1.88 15.26 4.22 12.59 
24 128 57 389 2581 20.48 2980 16.35 3.32 19.67 0.81 12.05 
Partial oral feeding 
25 128 57 389 2581 20.48 3810 16.45 2.70 19.15 1.33 17.01 
26 147 78 429 3006 23.58 2960 18.60 1.24 19.84 3.64 18.39 
27 129 68 394 2704 20.62 3335 16.95 3.92 20.87 O. 25 19.70 
28 / 
CASE No. 43 (Contd. ) 
IT'TTAEE OLT`l'YUT N BALANCE 
DATE DIET PROT. FAT CARBCALS. N 
INTAKE 
URINE URINE STOOL 
VOL. N N 
N 
LOSS 
+ - BODY WT. URINE CL 
IN LBS. as NaC1 
Nov. 28 D 153 85 438 3129 24.52 2610 19.40 2.48 21.88 2.64 16.70 
29 147 79 422 2987 23.60 2645 17.38 1.50 18.88 4.72 118.25 19.40 
30 140 79 417 2939 22.40 1790 15.83 2.36 18.19 4.21 10.42 
Dec. 1 123 64 357 2496 19.68 2350 19.40 2.04 21.44 1.76 14.62 
2 142 74 410 2894 22.72 2360 17.95 2.32 20.27 2.45 18.90 
3 144 78 414 2934 23.24 2380 18.40 0.88 19.28 3.96 21.25 
4 132 67 398 2723 21.12 2360 18.40 0.86 19.26 1.86 20.00 
5 149 84 428 3064 23.84 1880 18.06 1.06 19.12 4.72 12.40 
6 133 75 377 2715 21.28 2376 19.84 1.60 20.44 0.84 17.50 
7 150 82 427 3046 24.00 2300 19.62 2.50 20.12 3.88 14.70 
8 140 71 407 2827 22.40 1760 20.38 4.10 24.48 2.08 11.25 
9 146 83 417 2999 23.36 2470 17.30 3.20 20.5 2.86 18.45 
DIET A = 1200 ml milk, 500 ml water, 240 grms. Dried Skimmed Milk, 
200 grins. lactose and 20 grins. salt. 
B = 1200 ml milk, 300 nil water, 240 gran Dried Skimmed Milk, 
200 grins. lactose and 10 grins. salt. 
C = 1500 ml milk, 300 ml water, 240 grins. Dried Skimmed Milk, 
200 grms. lactose and 10 grins. salt. 
D = 1500 ml milk, 300 ml water, 240 grins. Dried Skimmed Milk, 
200 grins. lactose. (Salt content of milk mixture - 6.39 grins.) 





cine tool Suction 
N. N. N. 
N 
Loss 
N .BALANCE URINE 
Amino Chloride 
Acid. N. (as NaCI) Date . 
___-_ 
LTarb o - 
Prot. Fat h árate Cals. intake . 
Oct. 14. 70 87 290 2215 11.20 880 8.43 Nil 1.39 9.82 1'.38 0.14 0.91 
15. 66 67 267 1935 10.56 615 5.92 0.19 1.80 7.91 2.65 0.10 1.85 
( Suction 11.42) 
16. 63 62 270 1890 10.08 500 4.88 Nil 4.23 9.01 1.07 0.10 0.79 
(Suction 12.90) 
17. OPERATION 
Intrajejunal feeding commenced. 
9 4 109 408 1.44 510 5.96 Nil - 5.96 0.11 0.76 
18 . 71 28 248 1568 11.36) 1560 14.00 0.60 - 14.60 4.24 0 .44 0 .31 
19. 40 15 145 875 6.40) 14.00 0.60 - 14.60 8.40 0.44 0.31 
20. 60 23 187 1195 9.60 600 11.42 Nil - 11.42 1.82 0.20 0.67 
21. 119 46 374 2386 19.04 980 17.50 Nil - 17.50 1 .54 0.25 1.61 
22. 119 46 374 2386 19.04 975 15.85 2.73 - 18.58 0 .46 0 .32 6.16 
23. 84 69 188 1697 13.46 650 10.73 2.03 12.76 0 .70 0.22 5.93 
Intrajejunal feeding stopped.. 
24. 96 86 275 2258 15.36 990 15.88 1.38 16.74 1 .38 0.32 9.50 
25, 89 81 259 2121 14.24 1280 18.59 Nil 18.39 4.35 0 .36 9-.84 
26. 93 90 290 2322 14.88 520 ? 6.63 1.66 8.29 0.18 
27. 94 81 258 2137 15.04 1120 9.40 0 .94 10.34 5 .30 0 .22 6.80 
28. 103 87 278 2308 16.48 1660 11.95 0 .84 12.79 3.69 0 .23 9 .96 
29. 100 100 329 2616 16.00 1295 9.74 1.29 11.30 4.70 0.34 8.65 
30. 93 92 282 2328 14.88 1620 8.74 0.88 9.62 5.26 0.34 8.30 
31. 92 84 248 2131 14.72 1460 9 .40 Lost 0 .26 8.60 
Nov . 1. 93 85 255 2172 14.88 1455 10.14 Nil 10.14 4.74 
450 mis . Blood. transfused = 11.65 g N. 
Blood lost contained. 6,02 g N. 
Stomach resected contained. 4.42 g N. 
Case No. 44. 
Chloride Balance (as NaC1.) 
Chloride Intake () Urine 
Date 0.9 saline Milk Total Urine Balance 
mixt. g. g. 
Op. 14.44 2.02 16.42 0.76 
Oct.18 3.6 x15.6 19.20 0.32 +18.88 
19 3.6 5.40 9.0 0.30 +8.70 
20 5.47 5.47 0.67 +4.80 
21 10.94 10.94 1.61 +9.33 
22 10.94 10.94 6.16 +4.78 
X20 g. salt added to 1,800 ml. milk mixture on 
Oct. 18th; subsequently only 5 g./1800 ml. 
milk mixture. 
DATE. 


























Nov. 9 F 90 97 256 2257 14.40 750 6.34 0.44 0.39 7.17 7.23 2.8 
10 F 75 96 265 2224 12.00 1570 7.96 nil - 7.96 4.04 6.65 
OP,aRAT T ONX 
11 M.M. 90 35 280 1795 14.40 390 3.91 nil - 3.91 2.51 
12 M.M. 150 58 468 2994 24.00 605 12.08 nil 1.85 13.93 10.07 100 1.18 
13 M.H. 119 46 374 2386 19.05 960 14.15 0.95 0.52 15.62 3.43 2.23 
14 M.M. 90 35 280 1795 14.40 960 19.91 0.58 0.46 20.95 6.55 99.6 1.56 
15 M.M. 90 35 280 1795 14.40 1000 22.08 2.42 24.50 10.10 4.10 
16 iti:. I.4. & F. 107 67 326 2335 17.12 995 21.98 0.20 22.18 5.06 6.20 
17 IJI. Ivi. & F. 70 56 216 1648 11.20 1090 18.81 1.98 20.79 9.59 4.57 
18 M.M.& F. 119 85 364 2697 19.05 1200 13.21 4.04 17.25 1.80 4.25 
19 M. Iií. & F. 129 93 364 2809 20.60 1090 19.F.6 2.56 22.12 1.52 7.36 
20 Id.M. & F. 114 86 323 2522 18.25 1200 19.05 7.48 26.53 8.28 6.71 
21 IJí. M. &. F. 93 83 241 2083 14.88 1230 15.15 3.31 18.46 3.58 99.4 6.93 
22 M M. & F. 120 108 343 2824 19.20 680 10.34 6.18 3.62 
23 M.M.& F. 134 113 395 3133 21.45 2100 20.22 23.33 1.88 9.32 
Blood lost contained 4.88 gm.N. 
Stomach resected contained 6.16 gm. N. 
W.M. = milk mixture (for formula see text) 
B. = ordinary food. 
Case No. 45. 
Date. 
Chloride Balance Cas Na 01.) 





Total Urine Suction Total g. 
Op. 7.20 11.94 19.14 2.51 2.51 
Nov.12 19.88 19.88 1.18 1.03 2.26 +17.6 
13 15.89 15.89 2.23 1.41 3.64 +12.2 
14 11.94 11.94 1.56 1.69 3.25 +8.69 
15 11.94 11.94 4.10 4.10 +7.84 
CASE NO. 46 
I N T A K E 
Carbo- 
Prot . Fat hydrate Cals . 
Total 
N . 











ion N. Loss I - 
Hemp trine 






Nov .21 F . 91 101 256 2297 14.56 1025 11.77 NIL 0.17 12.94 1.62 3.86 0.81 
22 F . 91 101 256 2297 14.56 1036 10.36 1.52 0,32 12.20 2.36 2.24 0.59 
23 F . 91 101 256 2297 14.56 2000 12.88 NIL 0.35 13.23 1.33 1.80 0.44 
24 F . _o st 
ON OPERATIO
25 M.M. 60 23 207 1275 9.60 360 5.03 NIL 1.42 6.45 102 1.44 0.88 
26 LT .141. 90 35 280 1795 14.40 505 7.68 3.06 0.71 11.45 2.95 101.4 1.74 
27 Ts2.111. 90 35 280 1795 14.40 330 3.56 8.04 0.72 11.72 2.68 100 0.16 3.39 
28 M.M. 90 35 280 1795 14.40 820 12.42 1.56 13.98 0.42 0.38 5.18 
29 M.M. 90 35 280 1795 14.40 1340 28.05 3.25 31.30 16.90 0.35 
30 M.M. 90 35 280 1795 14.40 1420 32.20 4.24 36.44 22.04 0,86 
Dec . 1 1Si.M.Ec1 .128 74 389 2725 20.48 800 17.38 9.80 27.18 6.70 0.77 
2 F . 52 54 130 1214 8.32 1190 24.98 5.22 30.20 19.82 2.02 
3 E . 48 51 162 1299 '7.68 665 12.22 1.28 14.50 6.82 1.95 
4 F . 62 64 189 1580 10,22 660 4.96 3.04 8.00 2.22 0,77 
5 F . 90. 82 231 2026 14.40 lost 3.27 
6 F . 89 101 280 2385 14.26 1470 9.82 0.70 10.52 3.74 5.40 
7 F . 86 104 255 2300 13.78 1650 11.92 1.42 13.34 0.44 9.36 
8 F . 86 94 229 2106 13.78 1720 11 .17 1.06 12.23 1.45 8.80 
9 F P. 90 92 264 2244 14.40 1470 9.95 NIL 9.95 4.45 6,82 
10 F P. 90 92 266 2252 14.40 1800 10.74 1,02 11,76 2.64 6.87 
11 F . 90 92 264 2244 14.40 1920 13.98 0.40 14.38 0.02 8.20 
= Milk Mixture 
= Ordinary Food . 
Case No. 46. 
Intake 
Chloride Balance 6.s NaC1). 
Balance (g) Output (g) 
Date. 0.9% Milk Total Urine Suction Total g. 
saline mixt. 
Op. 7.2 2.94 10.16 1.44 0.88 0.32 
Nov.26 4.44 4.44 1.74 3.39 5.13 -0.69 
27 4.44 4.44 0.16 5.18 E.18 -0.90 
28 4.44 4.44 0.38 +4.06 
29 4.44 4.44 0.35 +4.07 
30 4.44 4.44 0.86 +4.38 
Dec. 1 4.90 4.14 0.77 +4.17 
CASE No . 47 . 
INTAKE O U T P U T N. BALANCE URINE 
Toe of 
Date . Feedin_ 
arbo- 














NOV. 27. F 90 100 310 2500 14.40 640 9 .76 10 .60 3.8 4.88 
28. F 90 100 310 2500 14.40 645 10.28 0.84 10.28 4.12 5.36 
29 . 90 100 310 2500 14.40 870 11.22 Nil 12.52 1.88 7 .25 
30 . F 90 100 310 2500 14.40 875 10.07 ' 1.30 12.53 1.87 7.55 
Dec. 1. F 90 100 310 2500 14.40 820 9.39 2.46 9 .39 5.01 7.27 
2. F 90 100 310 2500 14.40 665 9.12 Nil 9 .12 5.28 5.76 
3. I` 90 100 310 2500 14.40 1250 11.71 Nil 11.71 2.69 6.20 
4. F 90 100 310 2500 14.40 1005 9.61 Nil 9.61 4.79 5.40 
OPERATION 
5. M X. 60 23 187 1195 9.60 110 0 .48 Nil 0 .48 0.57 
6. M .11 . 90 35 340 2035 14.40 1310 17 .70 nil 17.70 3.30 3.97 
7. M.M. 90 35 280 1795 14.40 990 21.0 Nil 2.74 23.74 9 .34 2.73 
8. mar . 90 31 280 1795 14.40 840 17.90 Nil 17.90 3.50 2.67 
9 . M .Tug . 77 27 237 1535 12.30 540 10.86 Nil 10 .86 1.44 2.03 
10. M.M. 70 70 218 1395 11.20 Lost 3.90 Los t 
11. M. X. & F . 90 71 254 1999 14.40 690 13.90 1.80 15.70 1.30 2.91 
12. F 90 92 238 1951 14.40 680 13.08 1.96 15.04 0.64 4.42 
13. F 90 92 264 2244 14.40 540 9.38 0.54 9 .92 4.48 4.92 
14. F 90 92 264 2244 14.40 780 13.70 0.52 14.22 0 .18 7 .82 
15. F 90 92 264 2244 14.40 780 12.62 0.58 13.20 1 .20 8.03 
16. F 90 92 264 2244 14.40 965 13.89 2.08 15 .97 1.57 8.59 
17. F 90 92 264 2244 14.40 840 11.52 1.02 12 .54 1.86 7.70 
750 ml blood transfused = 19.87 g N. 
Blood lost contained 19.5 g N . 
Stomach resected contained 2.3 g N. 
I:. = Iu:ixture 
F = Ordinary Food 
Case No. 47. 
Chloride Balance (as NaC1) 
Intake (g) Output (g) Balance 
Date 0.9 Milk Total Urine Suction Total g. 
Salt. Mixt. 
Op. 7.2 2.96 10.16 0.57 0.57 
Dec.6 7.2 4.44 11.64 3.97 3.97 +7.67 
7 4.44 4.44 2.73 2.08 4.81 -0.41 
8 4.44 4.44 2.67 2.67 +1.77 
9 3.70 3.70 2.03 2.03 +1.67 
CASE NO. 48. 
I I T A K E O U T P U T N BALANCE U4INE SUçTIOU._ 
Type of Carbo- Net Urine Urine Stool Suction N. - - Chloride Chloride 
Date Food Prot. Fat hydrate Cals. N. Vol. N. N. N. Loss (as NaC1) (as NaCl) 
1948 
Jan.12 F. 90 92 246 2172 14.40 2005 13.30 2.48 15.78 1.38 13.15 
13 F. 91 92 246 2176 14.56 1700 12.30 Nil 12.30 2.26 10.95 
14 F. 91 96 246 2212 14.56 1240 12.74 1.46 14.20 0.36 8.18 
15 F. 76 91 245 2103 12.16 1430 11.44 0.27 11.71 0.45 8.44 
16 OP:RATION 
M.:íí. 53 24 225 1328 8.48 265 2.66 Nil 2.56 5.22. 1.38 2.90 
17 M,Li, 80 36 300 1844 12.80 965 13.06 Nil 5,29 18.35 5.55 5.70 5.62 
18 N.M. 37 17 148 893 5.93 1210 17.09 Nil 0.56 17.65 11.72 5.18 0.85 
19 F. 59 52 233 1636 9.44 920 20.53 Nil 20.53 11.09 2.26 
20 F. 72 61 269 1913 11.52 700 14.08 3.20 17.28 5.76 1.32 
21 F. 82 96 280 2312 13.12 700 16.27 Nil 16.27 3.15 1.33 
22 F. 90 78 268 2134 14.40 790 16.28 3.16 19.44 5.04 1.47 
23 F. 94 84 229 2048 15.04 740 14.19 Nil 14.19 0.85 2.07 
24 F. 88 88 239 2100 14.09 1540 12.80 Nil 12.80 1.29 6.16 
25 F. 85 86 224 2010 13.76 1060 13.08 2,12 15.20 1.44 4.21 
26 F. 91 92 246 2176 14.56 1020 13.12 1.76 14.88 0.32 7.98 
M.M. = Milk Mixture 
F. = Ordinary Food 
Case No. 48. 








Total Urine Suction Total g 
Op. 7.2 2.96 10.16 1.38 2.90 4.28 
Jan.17 4. á4 4. 44 5.70 E.62 10.32 -6.88 
18 1.97 1.97 5.18 0.85 6.03 -4.06 
19 2.36x 2.36 2.26 2.26 +9.10 
20 3.41x 3.41 1.32 1.32 +2.09 
21 3.89x 3.89 1.33 1.33 +2.56 
22 4.15x 4.15 1.47 1.47 +2.68 
xApproximations of salt content of food. 
CASE No. 49 
H. Type of 
food 
Prot. Fat Carb. Cals. N 
Intake 
Urine Urine Stool Suction N 
vol. N N N Loss 
N. Balance Body 
wt.in 
lb. 
Temp. Urine Suctio] 
in Chlor. Chlor 
0 °F (As NaC1) (as NaC: 
948 
an.27 F 88 93 246 2173 14.09 1280 10.42 0.41 10.83 3.26 
28 F 88 93 246 2173 14.00 1400 14.38 1.20 15.58 1.49 
29 F 88 93 246 2173 14.00 1340 8.42 0.67 1.62 10.71 3.38. 147.9 
OPERATIONx 
30 LM. 54 24 230 1352 8.65 825 10.79 nil 1.22 12.01 99 
31 M.M. 89 36 285 1820 14.24 760 17.55 nil nil 17.55 3.31 140.1 
eb, i ,M.rtI._ 89 36 285 1820 14.24 785 21.65 nil 2.79 24.44 10.20 99.8 
2 M. M. & F 65 48 206 1516 10.40 570 16.65 1.90 18.55 8.15 141.6 
3 IVI. Iv1. & F 87 53 282 1953 13.90 790 18.65 nil 18.65 4.75 
4 M. M. & F 86 72 238 1944 13.75 980 18.80 2.76 21.56 7.81 143.2 
5 F 73 73 206 1773 11.68 lost nil 141.0 98.8 
6 F 88 55 225 1747 14.09 940 13.56 0.96 14.52 0.43 141.0 
7 F 90 75 249 2031 14.40 780 12.08 nil 12.08 2.32 
8 F 88 74 242 1966 14.09 1000 15.04 1.96 17.00 2.91 140.5 
9 F 76 76 217 1856 12.16 830 10.24 2.20 12.44 0.28 139.75 
430 ml. blood transfused 11.1 gm.N. 
Blood lost contained 4.44 gm.N. 
Stomach resected contained 2.98 gm.N. 
M.M. = Milk Mixture 
F = Ordinary food. 
Case 49. 
Chloride Balance (as NaC1) 
Balance 
g 





Total Urine Suction Total 
Op. 7.2 2.96 10.16 2.43 2.43 
Jan.31 4.44 4.44 1.87 1.87 +2.57 
Feb. 1 4.44 4.44 1.68 1.30 2.98 +1.46 
fo ?d0 
2.22 3.22 0.94 0.94 +2.28 
3 1.0 2.22 3.22 3.49 3.49 -0.27 
CASE No. 50. 
INTAKE OUTPUT N BALANCE 
DATE PROTEIN FAT CARB CALS. TOTAL URINE URINE STOOL SUC- N 
N VOL. N N TION LOSS 
N 






Feb. 24 87 87 277 2239 13.92 1660 10.22 nil 10.22 3.70 
25 84 92 267 2232 13.44 2350 10.34 0.86 11.20 2.24 
26 90 93 267 2265 14.40 2490 12.50 2.42 14.92 0.52 104.7 
27 87 91 265 2227 13.92 2010 10.77 1.50 12.27 1.65 
28 90 93 267 2265 14.40 1900 9.80 0.88 10.68 3.72 
29 89 84 262 2160 14.24 1630 8.18 1.54 9.72 4.52 
Mar. 1 90 93 267 2265 14.40' 1515 6.08 0.16 0.45 6.69 
H 
2 Operation nil nil nil nil nil 0.25 99.8 
3 nil nil 1410 18.25 nil 0.18 18.43 18.43 104.5 10L5 
4 14 15 35 331 2.24 1060 17.0 nil 17.70 14.76 105.5102.4 
5 42 46 144 1158 6.72 800 9.15 nil 9.15 2.43 104.5 10L O 
6 48 46 117 1074 7.68 950 8.38 7.28 15.66 7.98 99.6 
7 48 46 117 1074 7.68 1580 8.90 3.60 12.50 4.82 102.4100.4 
8 / 
Blood lost contained 1.44 g N 
CASE No. 50 (Contd. ) 
INTAKE OUTPUT N BALANCE 
DATE PROTEIN FAT CARBO. CALS. TOTAL URINE URINE STOOL SUC- N 
N VOL. N N TION LOSS 
N 







Yar. 8 56 46 141 1234 8. 98 1520 9. 12 0. 84 9. 96 0. 98 99. 0 
9 64 67 147 1447 10.24 1690 11.60 1.46 13.06 2.81 101.75 
10 66 66 192 1626 10.56 1020 7.45 nil 7.95 2.63 
11 68 68 209 1639 10.88 1220 7.75 1.62 9.37 0.53 101.0 
12 82 82 195 1828 13.12 720 5.62 1.56 7.18 5.96 
CASE NO. 50. 











Feb. 25 6.70 3.86 2.66 1.20 6.14 4.16 1.98 
26 4.58 3.57 1.69 1.88 5.73 2.78 2.95 
27 3.86 3.20 1.79 1.41 4.87 2.34 2.53 
28 4.06 3.07 1.46 1.61 4.75 2.46 2.29 
29 2.51 2.84 0.97 1.87 4.50 1.52 2.98 
Miar. 1 2.09 2.16 1.24 0.92 3.37 1.27 2.10 
OPERATION 
2 nil 4.86 0.073 4.79 7.52 0.163 7.36 
3 9.70 3.87 3.593 0.28 5.82 6.15s 0.3C 
4 7.30 3.88 2.54 1.34 6.07 4.43 1.64 
5 6.85 3.81 2.37 1.44 6.09 4.16 1.93 
6 4.72 3.19 1.55 1.64 5.05 2.86 2.99 
7 5.18 3.35 1.48 1.87 5.24 3.14 2.10 
8 3.26 3.40 1.09 2.31 5.45 1.96 3.49 
9 1.83 3.05 1.21 1.84 4.88 1.11 3.77 
10 1.56 1.51 1.04 0.47 2.57 0.95 1.62 
11 3.64 1.91 1.67 0.24 2.89 2.21 0.68 
12 3.24 1.68 1.54 0.14 2.77 1.97 0.80 
S - valued for salt lost in gastric aspirations included. 
No allowance made for salt lost in stools. 
CASE No. 51. 
O U T P U T N BALANCE 
DATE 
INTAKE 








































































































































































































































































































































































CASE No. 51. 
Sodium Chloride 
Urine chloride Intake Urine Balance Intake Urine Balance 
(as NaC1.) + - + - 
1948 April 24 4.3 2.45 1.61 0.84 
25 1.69 2.41 0.49 1.92 
26 2.70 2.39 0.93 1.46 
27 5.62 2.37 2.27 0.10 
28 6.24 2.44 2.45 
29 6.11 2.38 2.79 
OPERATION 
30 1.73 4.26 0.49 
I:ay 1 3.0 2.84 1.74s 1.10 
2 1.11 2.84 0.98s 1.86 
3 0.18 2.84 1.61s 1.23 
4 0.06 1.82 0.52 1.30 
5 0.19 1.82 lost 
6 0.79 2.32 1.01 1.21 
7 1.69 3.04 1.45 1.59 
8 .6.81 2.73 3.87 
9 7.84 2.77 3.72 
10 11.12 3.11 4.57 
11 9.24 2.10 3.09 
12 5.97 3.01 1.87 1.14 
13 7.57 2.80 2.46 0.46 
14 7.35 3.05 2.58 0.43 
15 6.53 2.77 2.30 0.37 
16 7.28 3.06 2.70 0.36 
17 6.43 3.17 2.51 0.66 
18 4.82 2.83 1.83 1.00 
19 4.75 2.43 1.97 0.46 
20 7.88 2.82 3.40 
21 6.07 2.68 2.26 0.32 
22 7.18 2.94 2.92 0.02 
23 7.06 2.66 2.64 0.04 
24 7.34 2.67 2.48 
3.93 2.61 1.32 
3.86 1.03 2.83 
3.86 1.64 2.22 
3.84 3.41 0.43 
0.01 3.86 3.78 0.08 
0.41 3.85 3.71 0.14 
6.56 1.44s 
4.37 2.70s 1.67 
4.37 1.68s 2.69 
4.37 2.858 1.52 
2.68 0.04 2.64 
2.85 0.11 2.74 
3.76 0.48 3.28 
4.93 1.03 3.80 
1.14 4.42 4.14 0.28 
0.95 4.57 4.57 
1.46 5.00 6.76 
0.99 3.45 5.61 
4.79 3.62 1.17 
4.46 4.60 
4.86 4.46 0.40 
4.45 3.96 0.49 
4.85 4.42 0.43 
5.06 3.90 1.16 
4.54 2.92 1.62 
3.92 2.88 1.04 
0.58 4.51 4.78 
4.27 3.68 0.59 
4.68 4.36 0.32 
4.40 4.28 0.12 







s - values for salt lost in gastric aspirations included. 
No allowances made for salt lost in stools. 
CASE No. 52 
INTAKE OUTPUT BALANCE 
DATE PROT. FAT C.RB. CALS. N URINE URINE STOOL SUCTION N + - BODY BODY 
INTAKE VOL. N N N LOSS WT. in T EEP. 
LBS. °F. 
1948 
Aug. 14 91 101 314 2529 14.55 1160 10.47 0.32 10.79 3.76 
15 86 87 289 2283 13.78 1030 11.99 3.26 2.81 18.06 4.28 
16 43 58 122 1162 6.88 490 5.16 0.54 0.53 6.23 0. 65 107.5 
17 91 101 314 2529 14.55 1230 13.26 0.31 13.57 0.98 
18 88 98 330 2554 14.08 1360 13.28 0.11 13.39 0. 69 108.4 
19 70 92 291 2272 11.20 1340 9.16 1.19 0.08 10.43 0.77 108.75 
20 Operation 45 nil nil nil 0.60 2.57 
21 38 152 nil 2100 23.00 nil 0.27 23.27 23.27 107.25 99 
22 11 10 189 212 1.75 1440 22.90 nil 22.90 21.15 106.75 99 
23 22 24 73 596 3.52 380 5.38 12.44 17.82 14.30 106.2 101 
24 43 53 99 1045 6.89 1260 17.56 3.41 20.97 14.08 105.4 
25 54 66 126 1314 8.65 870 12.62 2.22 14.84 6.19 
26 / 
390 ml blood transfused = 8. 76 6 N. Blood lost contained 1. 85 g. N. 
Stomach resected contained 1.12 N. 
CASE No. 52 (Contd. ) 
INTAKE OUTPUT N BALANCE 
DATE PROT. FAT CARB. CALS N URINE URINE STOOL SUCTION N 
INTAKE VOL. N N N LOSS 
+ - BODY BODY 
INT. in TE iP, 
LBS. °F. 
1948 
Aug. 26 79 86 172 1778 12.66 1100 12.96 nil 12. 96 0. 30 102. 4 
27 87 93 242 2153 13.92 1190 11.24 lost 105. 8 
28 87 99 282 2367 13.92 1350 9.94 2.34 12.28 1.64 105. 8 
29 101 106 310 2598 16. 16 1170 10. 34 1. 68 12. 02 4. 14 105. 25 
30 101 100 310 2544 16.16 990 9.10 0.64 9. 74 6. 42 104. 25 
31 101 100 310 2544 16.16 1470 11.73 3.32 15. 05 1. 11 104. 25 
Sept. 1 89 101 310 2505 14. 24 1360 8. 56 1. 68 10. 24 4. 00 103. 5 
2 89 101 310 2505 14.24 990 6.50 1.56 8. 06 6. 18 103. 5 
3 89 101 310 2505 14.24 1110 7.08 1.66 8. 74 5. 50 103. 5 
4 82 101 300 2437 13.12 1340 8.60 2.08 10. 68 2. 44 104. 1 
5 72 78 292 2158 11.68 1500 6.12 1.02 7. 14 4. 54 
CASE ho.52 (Contd.) 
L 
DATE URINE Cl. TOTAL URINE 
as NaJl INTAKE 
Aug. o14 6.90 2.22 2.73 
15 4.10 1.81 1..66 
i6 0.78 2.51 0.43 
17 0.54 5.16 2.05 




20 1.15 3.49 0.31 
21 7.64 2.27 4.98 
22 4.b4 3.27 1.82 
23 1.80 2.61 0.37 
24 1.66 2.40 0.18 
25 1.27 2.47 0.16 
26 2.42 3.02 0.34 
27 3.d2 2.90 0.65 






















2.73 3.70 4.18 
0.32 1.98 3.47 2.49 
0.21 0.64 1.84 0.46 
nil 2.05 3.90 0.33 
nil 3.30 4.15 0.66 
0.13 3.49 3.50 0.73 
nil 0.31 5.37 0.70 
0.15 5.03 2.86 3.51 4.63 
nil 1.82 1.35 5.11 2.94 
1.39 1.22 4.09 1.09 
0.97 1.43 4.00 1.01 
0.95 1.52 3.88 0.77 
0.34 2.68 4.92 1.37 
nil 0.65 2.25 4.75 2.32 





























.CASE No.52 (Contó. 















Aut,. 29 5.08 2.98 1.71 0.20 1.91 1.07 4.35 3.09 0.17 3.26 1.11 
30 4.17 2.91 1.41 0.34 1.75 1.14 4.58 2.43 0.07 2.50 2.08 
31 6.37 2.72 2.51 0.25 2.76 0.04 4.38 3.87 0.12 2.99 0.39 
Sept. 1 .4.74 2.42 2.33 0.14 2.47 0.05 3.95 2.88 o.06 2.94 1.01 
2 3.70 2.65 1.51 0.02 1.53 1.08 4.32 2.25 0.05 2.30 2.02 
3 3.86 2.53 1.47 0.04 1.51 1.02 4.09 2.32 0.04 2.36 1.73 
4 5.23 2.44 2.05 0.05 2.10 0.34 3.94 3.18 0.05 3.23 0.71 
5 4.48 2.23 1.74 0.10 1.84 0.49 3.62 2.72 0.05 2.77 0.65 
CASE No. 53. 
INTAKE OUTPUT N BALANCE 











LOSS + - 
June 3 92 101 311 2523 14.72 1340 16.00 1.58 17.58 2.86 
4 92 101 311 2523 14.72 980 12.75 nil 12.75 1.97 
5 O2 101 313 2531 14.72 820 11.90 nil 11.90 2.82 
6 92 101 311 2523 14.72 800 12.00 0.42 12.42 2.30 
7 92 101 309 2515 14.72 870 13.00 0.39 13.39 1.33 
8 92 101 313 2531 14.72 810 11.91 0.50 12.41 2.31 
9 92 101 311 2523 14.72 850 12.08 0.50 12.58 2.14 
10 92 101 311 2523 14.72 1570 16.20 nil 0.16 13.36 1.34 
11 Operation3E 25 300 2.76 nil lost 18.37 3.85 
12 nil nil ETC 320 nil 1580 14.05 nil lost 14.05 14.05 
13 nil nil 40 160 nil 700 6.02 nil lost C.02 6.02 
14 ti 2 32 130 0.47 1300 15.12 nil lost 15.12 14.65 
15/ E 835 ml. blood transfused = 22.22 g N. 
blood lost contained 13.75 g N. 
Stomach reoected contained g 1.86 g N. 
CASE No. 53 ( Contó. ) 
IT.TTAKE OUTPUT N BALANCE 












June 15 13 13 59 405 2.08 950 19.00 nil 0. 46 19. 46 17. 8 
16 54 58 157 1366 8.66 700 14.90 1. 14 16. 04 7. 38 
17 56 66 119 1294 8.97 360 6.74 nil 6. 74. 2. 23 
18 71 78 205 1806 11.35 770 13.00 0.71 13. 71 2. 36 
19 82 85 233 2025 13.15 820 11.35 1.::5 1 . r c 
20 89 92 293 214C 14.25 1190 12.92 4.66 17. 58 3. 33 
21 87 89 244 2125 13.92 1780 13.50 nil 1 3. 5G 0 . 
22 90 89 29.4 2137 14.40 1450 11.72 2.76 14. 48 J. 08 
23 95 89 244 2157 15.20 1550 13.64 0.34 13. 98 1. 22 
24 90 89 244 2137 14.40 1180 12.55 lost 12. 55 1. 85 
25 90 89 244 2137 14. 40 1770 11. 03 nil 11. 03 3. 37 
CASE No. 53. 











1948 June 3 9.06 2.86 4.21 1.35 4.48 5.50 1.02 
4 9.02 2.32 4.17 1.35 4.40 5.48 1.08 
5 7.60 2.86 3.38 0.52 4.48 4.62 0.14 
6 7.55 2.62 3.32 0.70 4.14 4.58 0.44 
7 8.52 2.70 3.63 0.93 4.22 5.18 0.96 
8 7.62 2.87 3.03 0.16 4.49 4.57 0.08 
9 8.41 2.86 3.61 0.85 4.43 3.12 0.64 
10 11.99 2.63 4.38 1.75 4.14 7.29 3.15 
OPERATION 
11 2.14 1.77 0.78 2.74 1.30 
12 8.16 2.83 3.05 0.22 4.37 4.97 0.60 
13 1.34 2.83 0.78 2.05 4.37 0.82 3.55 
14 0.99 0.04 0.76 0.74 0.07 0.60 0.53 
15 0.51 0.22 0.44 0.22 0.37 0.31 0.06 
16 0.55 2.10 0.63 1.47 3.42 0.33 3.09 
17 0.56 2.84 0.52 2.32 4.46 0.34 4.12 
18 1.64 3.32 1.25 2.07 5.22 1.00 4.22 
19 3.36 3.48 1.51 1.97 5.56 2.04 3.52 
20 5.95 3.67 2.28 1.39 6.09 3.61 2.38 
21 8.25 3.88 2.93 0.95 6.11 5.00 1.11 
22 6.73 3.16 2.69 0.47 5.01 4.08 0.93 
23 7.93 3.10 2.90 0.20 4.88 4.81 0.07 
24 8.25 3.13 3.18 0.05 4.95 5.01 0.06 
25 7.44 2.28 2.66 0.38 3.64 4.51 0.87 
CASE No. 54. 
INTA.l .u OUTPUT N BALANCE 
DATE PROTEIN FAT CA.RB CALS. TOTAL URINE URINE STOOL SUCTION N 
N VOL. N N N LOSS 




July 5 73 77 223 1877 11.68 740 8.26 0.32 8.58 3.10 
6 96 101 318 2565 15.36 1060 9.36 0.24 9.60 5.76 
7 92 98 313 2502 14.72 810 9.75 0.11 9.89 4.83 
8 82 99 301 2423 13.18 1080 9.66 0.89 10.55 2.63 
H 
9 Operation 20 80 660 5.60 nil 
10 60 240 nil 700 10.80 nil 2.08 12.88 12.80 
11 40 160 nil 530 10.60 nil 1.63 11.23 11.23 
12 28 34 90 778 4.48 730 14.73 nil 0.15 14.88 10.40 
13 54 59 144 1323 8.66 500 11.32 0.68 12.00 3.34 
14 77 72 199 1752 12.38 830 15.31 nil 15.31 2.93 
15 78 87 202 1903 12.54 820 14.02 1.62 14.02 1.48 
16 88 101 293 2433 14.08 870 15.19 nil 15.19 1.11 
17 88 101 293 2433 14.08 800 12.52 0.68 13.20 0.88 
18 / 
CASE No. 54. ( Contd. ) 
INT} OUTPUT N BALANCE 
DATE PROTEIN FAT CAS CALS. TOTAL URINE URINE STOOL SUCTION 
N VOL. N N N 
N 
LOSS 




July 18 84 85 279 2217 13.44 '760 10.56 1.00 11. 56 1. 88 
19 62 81 228 1889 9.92 840 12.34 1.32 13. 66 3. 74 
20 84 96 241 2164 13. 44 840 12. 90 1. 00 13. 90 0. 54 100. 4 
21 67 74 206 1758 10.72 815 13.81 1.14 14. 95 4. 23 




( as TvTaC1 ) 
SODIUM CI-MORIDE 
INTAKE URIIE BAIiNCE 
+ 
INTAKE URINE BAUNCE 
+ - 
1948 
July 5 5. 32 1. 65 1.94 0.29 2.82 3.22 0.40 
6 7.96 3.34 2.90 0.44 5. 34 4. 83 0. 51 
7 5. 34 1. 97 2. 11 0. 14 3. 24 3. 24 0 
8 4.42 2.86 1.62 1.24 4.59 2.68 1.91 
Operation 
9 3. 82 4. 13 1. 29 6. 36 2. 32 
3 
10 3.58 2.54 1.96 0.58 3. 92 1. 365 0. 58 
11 1. 18 1. 41 1. 465 0.05 2.17 2.455 0.27 
12 0.61 0.54 0.333 0.31 0.92 0.555 0.37 
13 0. 34 2. 11 0. 13 1. 98 3. 37 0. 21 3. 16 
14 1.74 2.52 0.65 1.87 4. 01 1. 05 2. 96 
15 3.31 2.92 1.32 1.60 4. 59 2. 01 2. 58 
16 3.38 3.40 1.47 1.93 5. 46 2. 05 3. 41 
17 4.45 3.30 1.70 1.60 5.06 2.70 2.36 
18 / 
CASE No. 54 (Contd. ) 
URINE SODIUM CORIDE 
CI'lI:ORIDE 
INTAKE URINE B.ALA10E INTAKE URINE BALANCE DATE ( as NaC1) 
+ - + - 
1948 
July 18 5. 32 2.60 1.89 0.71 4. 20 3. 22 0. 98 
19 5.37 2.37 1.96 0.41 3. 66 3. 26 0. 40 
20 4.05 2.06 1.47 0.59 3. 28 2. 46 0. 82 
21 3.29 2.03 0.73 1.30 3. 32 2. 00 1. 32 
S = figures for suction fluid included. 
No allowances made for stool salt lost. 
CASE No. 55. 











N Balance Body wt. 





Prot. Fat. Stool 
N 
Oct. 3 91 101 330 2593 14.56 1500 10.56 nil 10.56 4.00 
4 91 101 330 2593 14.56 1760 9.10 1.36 10.46 4.10 
5 91 101 330 2593 14.56 1900 12.76 1.00 13.76 0.80 
6 91 101 330 2593 14.56 1200 11.38 nil 11.38 3.18 
7 91 101 330 2593 14.56 710 8.70 nil 8.70 5.86 
8 91 101 330 2593 14.56 1740 12.65 1.86 14.51 0.05 
9 91 101 333 2605 14.56 1480 9.64 nil 9.64 4.92 
10 91 101 330 2593 14.56 1880 13.60 1.34 14.94 0.38 
11 66 72 247 1900 10.56 1870 11.08 0.42 0.53 12.03 1.47 121.4 
OPERATION 
12 20 1200 12.43 nil 1.56 13.99 
13 nil nil 40 160 nil 710 12.38 nil 1.08 13.46 13.46 
14 nil nil 18 72 nil 910 18.68 nil 18.68 18.68 121.0 101 
15 19 20 68 525 3.04 900 20.20 nil 20.20 17.16 121.1 100 
16 43 53 99 1045 6.88 1380 17.08 1.50 18.58 11.70 121.0 100.1 
17 57 65 126 1317 9.12 930 12.58 1.56 14.14 5.02 120.9 100.2 
18 70 80 153 1612 11.20 890 9.94 0.84 10.78 0.42 119.1 
19 88 91 213 2023 14.08 1030 10.44 3.52 13.96 0.12 117.9 
20 82 79 220 1919 13.12 670 3.48 7.10 10.58 2.54 117.45 
21 88 95 301 2411 14.08 1410 11.71 2.63 14.34 0.26 116.1 
22 65 96 262 2172 10.40 900 10.80 1.18 11.98 1.58 115.9 
23 87 104 253 2296 13.92 1510 11.95 nil 11.95 1.97 117.7 
24 86 101 263 2305 13.78 1110 6.19 3.16 9.35 4.43 117.4 
25 97 108 274 2456 15.52 1500 8.36 1.40 9.76 5.76 118.1 
26 91 105 267 2377 14.56 2200 10.29 1.96 12.25 2.31 117.9 
27 89 104 262 2340 14.24 1430 6.85 2.20 9.05 5.19 116.8 
28 91 106 268 2390 14.56 1270 5.72 1.04 6.76 7.80 117.5 
856 ml. blood transfused ° 17.32 g.N 
Blood lost = 18.7 g.N 
Stomach resected contained - 2.88 g.N 




Suction Total Balance Total 
Loss + - intake 
Chloride 
Total Balance 




Urine Stool Urine Stool Suction 
1948 
Oct. 3 7.81 3.38 2.73 nil 2.73 0.65 5.16 4.76 nil 4.76 0.40 
4 6.86 2.98 2.47 0.10 2.57 0.41 4.59 4.17 0.05 4.22 0.37 
5 8.20 2.88 3.32 0.20 3.52 0.64 4.41 4.98 0.07 5.05 0.64 
6 5.57 2.66 2.40 nil 2.40 0.26 4.10 3.38 nil 3.38 0.72 
?n4gme of E.glne 
1.04 nil 1.04 4.32 1.06 nil 
8 5.57 2.81 2.80 0.10 2.90 0.09 4.31 3.38 0.02 3.40 0.91 
9 6.50 .2. 81 2.71 nil 2.71 0.10 4.31 3.92 nil 3.92 0.39 
10 8.27 2.80 2.77 0.12 2.89 0.09 4.45 4.80 0.02 4.82 0.37 
11 3.78 1.84 2.13 0.20 0.54 2.87 1.03 2.94 2.30 0.04 1.25 3.59 0.65 
OPERATION 
12 3.65 2.60 1.30 nil 0.22 4.03 2.22 nil 0.31 
13 1.85 2.76 1.13 nil 0.61 1.74 1.02 4.27 1.12 nil 0.90 2.02 2.25 
14 1.90 1.30 0.58 nil 0.58 0.72 2.01 1.15 nil 1.15 0.86 
15 1.90 2.63 0.77 nil 0.77 1.86 4.14 1.15 nil 1.15 2.99 
16 4.42 3.40 1.91 0.28 2.19 1.21 5.37 2.68 0.07 2.75 2.62 
17 3.12 3.08 1.27 0.35 1.62 1.46 4.82 1.92 0.05 1.97 2.85 
18 2.83 2.28 1.56 0.31 1.87 0.41 3.71 1.72 0.05 1.77 1.94 
19 3.85 2.33 2.17 0.77 2.94 0.61 3.82 2.34 0.97 3.31 0.51 
20 1.39 2.25 0.45 1.72 2.17 0.08 3.45 0.84 2.60 3.44 0.01 
21 5.32 2.66 1.96 0.17 2.13 0.53 4.15 3.23 0.05 3.28 0.97 
22 4.46 2.13 1.58 0.18 1.76 0.37 3.33 2.70 0.02 2.72 0.61 
23 6.24 2.40 2.12 nil 2.12 0.28 3.74 3.75 nil 3.75 0.01 
24 4.48 2.01 1.52 0.35 1.87 0.14 3.05 2.72 0.10 2.82 0.23 
25 7.50 2.63 2.64 0.36 3.00 0.37 4.19 4.57 0.12 4.69 0.50 
























CASE No. 55. 
Potassium Phosphorus Sulphur 
DATE Intake Urine Intake Excretion Balance Intake Urine Balance 
Oct. 3 3.62 2.08 1.02 1.06 0.81 0.61 
4 3.47 2.07 1.03 1.04 0.81 0.53 
5 3.43 2.94 2.05 1.69 0.36 0.82 0.89 
6 3.42 2.54 2.03 1.63 0.40 0.81 0.79 
7 3.44 1.35 2.07 0.87 1.20 0.80 0.60 
8 3.44 3.34 2.05 1.72 0.33 0.82 0.94 
9 3.55 2.70 2.06 1.24 0.82 0.83 0.62 
10 3.40 2.70 2.05 1.63 0.43 0.82 0.96 
11 2.78 2.70 1.43 1.16 0.27 0.58 0.60 
OPERATION 
12 nil 4.10 nil 2.17 2.17 nil 1.05 
13 nil 2.18 nil 1.09 1.09 nil 0.76 
14 nil 2.18 nil 1.22 1.22 nil 0.91 
15 0.96 0.98 0.51 0.51 0.15 1.22 
16 1.75 0.98 1.12 0.76 0.36 0.41 1.27 
17 1.98 0.51 1.25 0.47 0.78 0.54 0.84 
18 2.58 0.51 1.60 0.61 0.99 0.63 0.78 
19 3.26 0.33 2.09 1.01 1.08 0.79 0.68 
20 2.71 0.33 1.77 0.98 0.79 0.70 0.17 
21 3.44 1.31 2.14 1.57 0.57 0.78 0.72 
22 2.45 1.31 1.64 1.39 0.25 0.58 0.67 
23 3.03 1.30 2.10 1.56 0.54 0.84 0.76 
24 2.32 1.30 1.60 1.22 0.38 0.62 0.39 
25 3.39 1.70 2.32 1.57 0.75 0.84 0.62 
26 2.50 1.70 1.70 1.60 0.10 0.71 0.75 
27 3.05 1.24 2.14 1.12 0.02 0.84 0.32 
28 2.41 1.24 1.70 1.21 0.49 0.79 0.32 
CASE No. 56. MIGHT: 5 ft. 3-$ ins. 
INTAi'E OUTPUT N BALANCE 
DATE PROTEIN FAT CA,.:B . CALS. TOTAL URINE URINE STOOL SUC- N 
N VOL. N. N TION LOSS 
IDITAK E N 






Dec. 1 90 101 318 2537 14. 40 
2 91 101 330 2589 14.56 690 10.15 1.06 11.21 3.35 
3 84 87 282 2247 13.46 945 10.25 0.80 11.05 2.41 
4 91 101 316 2532 14.56 1260 11.26 nil 11.26 3.30 
5 98 105 315 2597 15.68 920 10.92 0.78 11.70 3.98 
6 91 101 330 2589 14.56 1310 11.39 1.56 0.44 13.39 1.17 100.1 
7 Operation 20 350 4.08 nil 9.18 
8 nil nil 910 11.21 nil 1.26 12.47 12.47 99.2 
9 nil nil 290 5.05 nil 5.05 5.05 
10 20 22 70 558 3.20 570 13.68 0.56 14.24 11.04 96.2 
11 38 46 96 950 6.08 520 11.38 1.38 12.76 6.68 97.0 99.0 
12 57 65 126 1317 9.14 870 18.40 1.52 19.92 10.78 96.3 99.0 
13 / 
1 pt. blood transfused. Blood loss = 5.1 g N 
Stomach resected lost. 
C_LYL ro. 56. ( Contd. ) 
INTIT OUTPUT N BALANCE 
DA'Z`E PROTEIN FAT CALB :. CALS. TOTAL, URINE URINE STOOL SUC- N 
N VOL. N N TIDN LOSS 
+ - BODY TR, P 
T. in of 
NT 1135. 
1948 
Dec.13 80 87 164 759 12.82 70 12.21 2.38 14.59 1.77 96.4 
14 90 96 233 2156 14.40 600 8.18 4.00 12.18 2.22 96.3 
15 94 109 249 2353 13.64 440 6.78 2.82 9.60 4.04 95.5 
CASE: NO. 56. 
SOLID CHLORIDE 















Lec. 2 4.74 2.89 1.90 - - 4.49 2.88 .04 2.92 1.57 
3 6.24 2.52 2.52 - 3.99 3.78 .03 3.81 0.18 
4 6.78 2.70 2.36 nil 2.36 0.34 4.21 4.12 nil 4.12 0.09 
5 7.28 3.06 2.57 0.15 2.72 0.34 4.73 4.42 0.03 4.45 0.28 
6 6.69 2.88 2.37 0.34 0.29 3.00 0.12 4.43 4.05 0.05 o.18 4.28 0.15 
OPERATION 
7 2.95 2.56 1.48 nil 3.94 1.79 nil 
8 7.17 2.40 3.19 nil 3.19 0.69 4.06 4.36 nil 4.36 0.30 
9 1.73 2.27 0.64 nil 0.64 1.53 3.50 1.05 nil 1.05 2.45 
10 1.73 2.60 0.53 0.52 1.05 1.55 4.08 1.05 1.05 3.03 
11 3.23 2.33 0.99 0.41 1.40 0.93 4.00 1.96 0.12 2 :08 1.92 
12 5.94 2.47 2.39 0.38 2.77 0.30 3.89 3.63 0.24 4.13 0.24 
13 6.11 2.72 2.04 0.73 2.77 0.05 4.32 3.72 0.11 3.83 0.49 
14 4.24 2.96 1.40 0.34 2.22 0.74 4 -78 2.57 0.54 3.11 1.67 
CASE: NO. 56 
rOTASSIUM rHOSI-HORUS SULrHUR 
DATE IN- UFINE STOOL TOTAL BALANCE IN- URINE STOOL TOTAL BALANCE IN- URINE STOOL TOTAL BALANCE 




Dec. 2 3.31 1.58 0.25 1.83 1.48 
3 3.12 2.02 0.30 2.32 3 80 
4 3.26 2.19 nil 2.19 1.07 
5 3.43 2.16 0.26 2.42 1.01 
6 3.38 1.68 0.63 2.51 0.87 
OPERATION 
7 nil 1.26 nil, 1.26 
8 nil 2.82 nil 2.82 
9 nil 1.06 nil 1.06 
10 1.03 1.5? 0.48 2.05 
11 1.59 0.95 0.38 1.33 0.26 
12 1.98 1.50 0.35 1.85 0.13 
13 2.45 0.8,1 0.73 1.57 0.88 
14 3.40 0.52 1.24 1.76 1.64 
15 3.28 0.93 0.99 1.92 1.26 
2.00 0.55 0.45 1.00 1.00 0.80 0.69 0.13 0.82 
1.87 0.51 0.46 0.97 0.90 0.73 0.80 0.15 0.95 
2.00 0.46 nil 0.46 1.54 0.78 0.82 Nil 0.82 
2.03 0.58 0.30 0.88 1.15 0.91 0.83 0.11 0.94 
2.05 0.51 0.43 0.94 1.11 0.82 0.80 0.24 1.04 
1.26 nil 0.49 nil 0.49 0.49 nil 0.35 nil 0.35 
2.82 nil 1.13 nil 1.13 1.13 nil 1.05 nil 1.05 
1.06 nil 0.36 nil 0.36 0.36 nil 0.41 nil 0.41 
1.02 0.58 0.56 0.19 0.75 0.17 0.16 1.00 0.08 1.98 
1.00 , 0.29 0.28 0.57 0.43 0.37 0.67 0.14 o.81 
1.27 0.54 0 .08 0.62 0.55 0.53 1.11 0.12 1.23 
1.76 0.56 0.14 0.70 1.06 0.70 0.80 0.21 1.01 
2.11 0.35 0.46 0.81 1.30 0.60 0.59 0.28 0.87 










CASE No. 15. 
DATE ALB. GLOB. TP. ALB. N.P.N. GREAT. B1C1. CO2C. P. P.C.V. R. B. C. 
GLOB. 
Hb. 
1947 Jan. 8 3.75 2.50 6.25 1.50 15 1.6 440 50 5.06 106 
9 OPERATION 
14 3.51 2.85 5.36 1.23 27 1.6 430 68 44 4.86 96 
16 3.55 3.00 6.55 1.18 12 1.6 412 64 45.5 5.09 106 
21 3.50 3.26 6.76 1.07 14 1.3 424 64 42 4.74 98 
23 3.98 2.58 6.56 1.54 14 1.2 432 61 
CASE No. 16. 
DATE ALB. GLOB. T.P. ALB. B.U.N. GREAT. B1. C1. CO2C.P. P.C.V. R.B.C. Hb. 
GLOB. 
1947 Jan. 14 4.50 2.08 6.58 2.16 16 46.5 5.01 108 
16 6.62 16 1.1 412 61 47 5.08 114 
17 OPERATION 
21 3.75 2.60 6.15 1.28 11 1.2 396 75 45 4.73 104 
23 3.69 2.60 6.29 1.42 17 1.0 460 56 43 5.07 100 
27 4.14 2.45 6.59 1.69 15 1.3 65 44 5.11 100 
30 3.99 3.00 6.99 1.33 13 1.7 428 63 46.5 5.29 108 
CASE No. 17. 
DATE ALB. GLOB. T.P. ALB. B.U.N. P.A.N. CREAT. Bl. Cl. CO2CP. P.C.V. 
GLOB. 
1947 July 10 3.50 1.80 5.30 1.95 27 4.80 444 63 
OPERATION 
11 436 61 
14 3.40 1.90 5.30 1.79 19 4.98 2.50 430 62 37 
17 3.20 2.10 5.30 1.52 17 2.00 452 58 38 
25 2.40 2.40 4.80 1.00 14 1.50 456 63 33 
29 14 1.30 440 58 
CASE No. 18. 
DATE ALB. GLOB. T.P. ALB. B.U.N. CREAT. B1.01. CO2C.P. P.C.V. R.B.C. Hb. 
GLOB. 
1947 Feb. 13 4.05 2.10 6.15 1.93 16 1.2 458 62 49.5 5.30 
17 4.06 1.98 6.04 2.03 17 1.6 480 67 45.0 5.00 
20 4.35 1.80 6.15 2.42 16 440 73 47.5 5.19 
21 OPERATION 
24 3.51 2.51 6.02 1.40 26 442 42 4.60 
26 21 424 
27 3.60 2.43 6.03 1.48 20 1.0 432 66 41 4.51 
Mar. 3 3.75 2.40 6.15 1.56 15 1.1 460 66 43 4.64 
6 3.31 2.33 5.64 1.42 11 1.2 472 58 42.5 4.59 96 
10 3.40 2.23 5.63 1.52 12 0.9 468 71 39 4.21 90 
CASE No. 32. 
DATE ALB. GLOB. T.P. ALB. N.P.N. B1. C1. P.C.V. R.B.C. Hb. 
GLOB. 
Nov. 1 4.15 2.53 6.68 1.64 50.5 5.43 114 
5 34 352 
7 4.29 2.13 6.42 2.02 362 50.5 5.10 110 
11 450 51.5 5.58 114 
12 OPERATION 
14 3.74 2.63 6.37 1.42 34 41.5 4.61 94 
18 3.75 2.63 6.38 1.43 32 40.0 4.68 96 
21 3.88 2.60 6.48 1.49 32 43.0 4.81 98 
CASE No. 34. 
DATE ALB. GLOB. T.P. ALB. N.P.N. CREAT. B1. C1. P.C.V. R.B.C. Hb. 
GLOB. 
1946 Nov. 25 4.05 2.08 6.13 1.94 28 
28 3.95 2.26 6.21 1.75 40 
Dec. 2 4.13 2.88 7.01 1.43 36 
3 OPERATION 
5 3.51 2.83 6.34 1.24 38 
9 3.51 2.23 5.74 1.57 43 
12 3.57 3.23 6.80 1.10 25 
17 3.56 3.38 6.94 1.05 26 
19 3.66 2.95 6.61 1.24 26 
446 
1.1 458 45.5 5.32 106 
1.2 424 39.5 4.94 100 
1.2 460 38.5 4.51 92 
1.1 480 41 5.09 94 
1.3 474 41 5.05 98 
1.3 480 39 4.15 88 
CASE No. 35. 
DATE ALB. GLOB. T.P. ALB. N.P.N. CREAT. B1. C1. CO2C.P. P.C.V. R.B.C. lib. 
GLOB. 
1946 Nov. 28 4.04 2.50 6.54 1.62 37 444 49 6.00 120 
Dec. 2 4.26 2.23 6.49 1.91 38 1.2 444 47,5 5.73 116 
4 4.10 2.88 6.98 1.42 34 1.1 430 46 5.96 114 
5 OPERATION 
9 4.07 2.25 6.32 1.81 41 1.8 400 59 43.5 4.98 104 
12 2.80 3.14 5.94 0.89 25 1.1 412 61 39.5 4.84 ,90 
17 3.88 2.55 6.43 1.52 24 1.2 436 70 40 4.94 94 
19 2.73 2.83 5.56 0.97 62 42.5 4.86 94 
CASE No. 36. 
DATE ALB. GLOB. T.P. ALB. B.U.N. P.A.N. CREAT. el . C1. CO2C. P. P.C.V. R.B.C. Hb. 
GLOB. 
1947 April 28 4.49 2.15 6.64 2.09 21 4.76 1.20 456 62 1 
May 1 6.56 15 4.40 1.7 428 60 51 5.51 120 
OPERATION 
2 5.56 1.2 420 62 
3 5.84 70 48 5.33 110 
5 3.19 1.98 5.17 1.61 39 4.76 1.1 440 67 
8 3.15 2.08 5.23 1.52 20 4.50 1.0 480 54 40 4.54 88 
10 14 5.30 472 
12 3.45 2.08 5.53 1.66 18 5.60 1.5 480 55 43 4.89 100 
15 3.58 2.65 6.23 1.40 22 5.50 1.2 460 55 42 4.91 96 
CASE No. 37. 
ALB. GLOB. T.P. ALB. B.U.N. 
GLOB. 
P.A.N. GREAT. B1. C1. CO2C.P. P.C.V. R.B.C. Hb. DATE 
1947 May 12 3.60 1.75 5.35 16 6.0 1.3 472 61 46 5.41 104 
PRE -OP. 5.63 18 6.1 1.0 444 62 49 5.45 110 
15 OPÉRATION 
2.35 p.m. 6.0 448 59 
3.20 p.m. 6.0 444 54 
16 16 4.8 410 63 
18 16 4.9 0.9 450 67 
19 2.96 2.05 5.01 17 0.9 444 
23 3.06 2.25 5.31 16 4.6 0.6 456 58 39 92 
26 3.30 2.30 5.60 12 4.4 0.9 460 60 42 4.95 96 
29 4.20 1.60 5.80 16 468 61 41 4.67 90 
CASE No. 38. 
AL3. GLOB. T. P. ALB. B. U.N. P.A.N. GREAT. B1. C1. CO2C. P. P. C. V. DATE 
GLOB. 
July 14 4.6 3.2 7.8 1.44 19 6.5 2.0 390 63 38 
15 OPERATION 
16 4.98 




25 3.0 2.8 5.8 1.07 16 4.80 1.6 480 58 30 
29 3.0 3.5 6.5 0.86 20 5.10 1.8 464 59 31 
CASE No. 39. 
ALB. GLOB. T.P. ALB. B.U.N. P.A.N. CREAT. Bl. C1. CO2C.P. P.C.V. DATE 
GLOB. 
1947 July 14 3.8 2.5 6.3 1.52 17 5.30 1.8 424 67 49 





25 2.8 3.0 5.8 0.93 13 4.80 1.5 452 58 36 
29 2.2 3.6 5.8 0.61 16 5.30 1.5 414 54 36 
CASE No. 43. 
DATE ALB. GLOB. T.P. B.U.N. P.A.N. CPEAT. B1. C1. CO2C.P. P.C.V. R.B.C. Hb. 
1947 Oct. 21 3.01 2.30 5.31 14 6.20 1.6 460 74 46 
23 3.79 1.73 5.52 13 5.20 1.5 430 70 46 5.66 112 
30 3.46 2.20 5.66 14 4.80 1.9 420 63 44 5.09 100 
Nov. 3 12 1.8 460 47 4.88 106 
6 3.75 1.95 5.70 9 4.38 1.7 454 66 43 4.77 98 
10 3.68 1.95 5.63 15 6.90 1.7 420 65 43 4.78 104 
13 4.20 2.08 6.28 13 6.50 1.9 420 61 46 4.92 110 
17 3.93 1.98 5.91 17 1.7 404 69 45 5.21 90 
20 4.02 2.00 6.02 12 6.08 1.7 420 68 5.18 106 
24 3.73 1.85 5.58 12 7.42 1.8 430 69 44 4.88 90 
28 5.82 11 6.08 1.5 404 64 45 5.22 100 
Dec. 4 3.44 2.29 5.73 16 6.10 1.8 424 70 43 90 
10 3.78 1.98 5.76 11 5.90 1.5 430 61 43 4.95 104 
CASE No. 45. 
DATE ALB. GLOB. T.P. ALB. N.P.N. B.U.N. P.A.N. CREAT. B1. Cl. CO2C. P. P.C.V. 
GLOB. 
Nov. 10 4.05 1.98 6.03 2.04 24 14 5.44 1.90 410 66 44 
11 OPERATION 
13 4.43 2.38 6.81 1.56 27 14 5.30 1.70 400 65 45 
17 3.94 2.28 6.22 1.73 42 20 1.80 424 60 
20 16 4.76 1.70 410 61 
24 3.47 1.98 5.45 1.75 41 14 4.38 1.90 404 63 
CASE No. 46. 
ALB. GLOB. T. P. ALB. N. P. N. B. U. N. P. A. N. CREAT. B1. Cl. CO2C. P. P. C. V-. R. B. C. HB. DATE 
GLOB. 
Nov. 20 4.33 2.50 6.83 1.73 24 13 4.76 1.8 400 64 51 5.37 112 
24 4.19 2.25 6.44 1.86 47 12 5.30 1.8 430 64 54 5.35 110 
25 OPERATION 
27 4.10 2.25 6.35 1.52 68 37 5.10 1.8 364 64 52 5.31 110 
Dec. 1 3.80 2.20 6.00 1.72 68 33 4.76 2.0 370 59 45 4.95 92 
4 5.06 38 17 5.43 2.1 410 52 40 4.57 92 
8 3.13 2.18 5.31 1.44 38 17 5.16 1.7 420 57 42 4.48 94 
11 3.24 2.20 5.44 1.46 37 21 5.43 1.8 440 61 
CASE No. 48. 
N. P. N. B. U. N. CREAT. U. A. B. A. N. 81.C1. P.C.V. DATE 
1948 Jan. 15 42.4 25.6 11.05 444 41 
16 OPERATION 
36.8 18.4 1.42 4.46 10.40 44 
17 38.8 17.5 1.38 3.32 9.75 474 38 
18 36.8 19.5 1.35 3.16 9.75 456 40 
19 39.2 24.2 1.33 3.00 448 39 
20 43.2 25.2 1.40 3.15 10.56 39 
21 41.6 22.9 1.40 3.05 11.42 458 38 
22 42.4 22.9 1.40 3.14 10.40 474 38 
23 39.6 21.1 1.40 3.68 10.40 456 38 
CASE No. 49. 
DATE N. P. N. B. U. N. CREAT. U. A. B. A. N. 131.C1. P.C.V. 
1948 Jan. 30 OPERATION 
31 52.8 19.5 1.38 3.9 9.88 446 49 
Feb. 1 44 17.5 1.33 2.9 10.14 436 47 
2 55.2 24.5 1.30 2.6 10.14 416 45 
3 45.6 22.1 1.30 3.3 420 44 
4 48.8 18.0 2.2 8.96 416 45 
5 43.6 17.5 1.20 3.3 8.59 426 46 
6 40 17.7 1.20 3.2 8.20 428 46 
7 17.4 1.25 3.1 8.20 432 47 
CASE No. 50. 
DATE AT:B. GLOB. T.P. ALB. P.A.N. CO2C.P. P.C.V. R..3. C. Hb. Na. Hl. Cl. P. C1. P. C1. Cell Cl. Cell Cl. 
GLOB. per per per Plasma Cl. 
1OOm1.B. 10Om1.B1.1OOm1.B1. 
Feb. 25 5.13 1.10 6.23 4.65 42.4 50 305 408 552 276 132 0.49 
28 5.05 1.15 6.20 4.38 64 49 317 434 564 298 136 0.46 
Mar. 2 4.84 1.35 6.19 3.59 38.4 66 48 6.10 120 318 418 554 288 130 0.45 
OPERATION 
3 4.81 1.11 5.92 4.34 44.8 65 45 5.32 110 452 572 315 137 0.43 
4 4.24 1.14 5.38 3.72 32.8 64 42 321 450 570 331 119 0.36 
5 4.30 1.19 5.49 3.62 32.4 70 40 326 432 562 337 95 0.28 
6 4.23 1.14 5.37 3.71 73 38 5.44 112 314 456 542 336 120 0.35 
7 4.37 1.20 5.57 3.64 23.2 38 323 444 542 336 108 0.32 
8 4.45 1.21 5.66 3.68 25.6 61 38 324 420 536 332 88 0.27 
9 4.25 1.25 5.50 3.40 27.2 38 327 468 554 344 124 0.36 
10 4.43 1.29 5.72 3.44 32.8 70 36 4.84 100 328 476 560 356 118 0.33 
11 4.33 1.08 5.41 4.00 34.4 327 474 556 
12 5.61 28 36 326 472 548 350 124 0.36 
DATE 
CASE No. 51. 
T.P. ALB. PLASMA 
N.P.N. 









Cell Cl. ALB. GLOB. 
GLOB. Plasma 
Cl. 
1948 Apr. 28 4.76 1.08 5.84 4.10 34.4 48 436 568 296 140 .47 
29 4.71 1.15 5.86 4.10 33.6 48 310 440 568 296 144 .49 
30 4.76 1.35 5.91 3.53 33.6 65 49 302 436 566 289 147 . 51 
OPERATION 
May 1 4.00 1.17 5.17 3.42 24 68 299 552 
2 36 293 440 564 361 79 .22 
3 27.6 61 32 306 556 
5 3.91 1.70 5.61 2.30 30.4 67 30 304 552 
6 3.83 1.70 5.53 2.25 31.2 68 30 300 552 
7 3.79 1.60 5.39 2.37 30.4 30 310 462 566 396 66 .17 
8 4.06 1.87 5.93 2.17 29.2 62 31 311 566 
10 4.19 1.79 5.98 2.34 28.4 32 310 450 E68 400 50 .13 
12 4.23 1.90 6.13 2.23 32 35 308 478 570 370 108 .29 
14 4.13 1.80 5.93 2.29 29.2 65 34 303 468 566 362 106 .29 
19 4.45 1.86 6.31 2.39 27.2 35 320 568 
CASE No. 52. 
DATE AI:B. GLOB. T. P. ALB. N. P. N. CO2C.P. Na. Pl . C1. P.C.V. 
GLOB. 
1948 June 9 4.61 1.35 5.96 3.42 33 64 316 576 45 
11 4.61 1.36 5.97 3.39 34 68 321 580 46 
OPERATION 
12 3.88 1.25 5.13 3.10 54 66 307 544 51 
14 3.68 2.05 5.73 1.79 39 66 306 514 41 
15 48 68 520 39 
16 45 65 500 42 
17 63 309 486 44 
19 3.77 1.84 5.61 2.05 32 59 301 556 41 
21 3.77 1.80 57 2.09 32 55 319 544 37 
23 3.99 1.90 5.89 2.10 33 56 558 38 
CASE No. 55. 
DATE P.C.V. CO2C.P. K. P. B1.C1. P.C1. P.C1. Cell Cl. Cell Cl. 
per 100m1. per 100m1. per 100m1. Plasma Cl. 
plasma Blood Blood 
Oct. 5 48 58 440 550 286 154 0.54 
8 48 70 19.3 3.75 434 530 276 158 0.57 
11 46 65 21.3 3.50 440 562 304 136 0.45 
12 OPERATION 
14 42 63 20.5 2.0 424 552 320 104 0.33 
16 37 65 17.2 2.50 424 550 347 77 0.22 
18 42 63 3.00 442 566 328 114 0.35 
21 41 55 22.6 3.50 464 568 335 129 0.39 
25 40 63 3.75 454 560 336 118 0.35 
28 42 440 546 317 123 0.39 
